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This mixed methods study sought to determine the effect of a spreadsheet-based 
learning environment on college students’ attitudes toward mathematics.  How students 
might use this technology to develop their conceptual understandings of specific 
mathematical concepts was also explored. 
Participants were comprised of students enrolled in an undergraduate 
Mathematics with Applications course at a small, private, liberal arts university in 
Northeast Ohio.  Three frameworks were used to collect and analyze data:  (1) the 
Attitudes Toward Mathematics Inventory (ATMI) was utilized at the beginning and end of 
the study to measure an initial 36 participants’ attitudes toward mathematics; (2) the 
Master, Student, Partner, Extension-of-Self Framework (MSPE) was employed to assess 
a smaller sample of six students’ ways of interacting with technology; and (3) the 
Structure of the Observed Learning Outcomes Taxonomy (SOLO) was used to measure 
the understandings and sense makings of mathematical concepts for the same six 
students. 
Although there were no significant changes in students’ attitudes based on the 
quantitative findings, qualitative results suggest that students’ value of mathematics 
  
increased.  In addition, for most students, the use of spreadsheet technology to interact 
with mathematics increased over the duration of the study. 
Limitations of the ATMI are discussed with suggestions for the development of a 
new instrument that incorporates the use of technology.  Implications for the use of 
spreadsheets in post-secondary mathematics courses are proposed and recommendations 
for future research based on unanticipated findings regarding the dynamics of student 
pairs are suggested. 
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 1 
CHAPTER I 
INTRODUCTION TO THE STUDY 
Attitudes Toward Mathematics 
“My role as a mathematics teacher is to spark the interests of my students  
and excite them about mathematics and its usefulness in our world” 
~ Daniel Brahier 
 
This comment from the 73rd Yearbook of the National Council of Teachers of 
Mathematics (Brahier, 2011) sums up my belief regarding student learning – motivation 
to learn mathematics directly affects students’ attitudes toward mathematics.  Attitudes, 
both positive and negative, are initiated by motivational states and therefore are directly 
linked to student motivation (Guthrie & Knowles, 2001).  A study conducted by Singh, 
Granville, and Dika (2002) determined students’ school and class attendance as well as 
their preparedness for mathematics classes directly influences their motivation.  
Consequently, this influence on motivation affects students’ attitudes toward mathematics 
(e.g., students who were prepared for class displayed behavior associated with high 
motivation and positive attitudes toward mathematics, while students who were not 
prepared for class exhibited behavior associated with low motivation and more negative 
attitudes toward mathematics).  Similarly, Hemmings and Kay (2010) indicate that the 
effort, in addition to the motivation, of 10th grade mathematics students is positively and 
significantly related to their mathematics attitudes. 
Underhill (1988) asserts that students, who view mathematics as a process, rather 
than a product, are better able to construct relational understandings of mathematical 
concepts.  According to Underhill, such students are intrinsically motivated because the 
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knowledge they construct is their own.  Students who are able to set aside their attempts 
to memorize facts and procedures, and focus on understanding their thought processes 
can begin to appreciate and even enjoy their mathematical experiences.  This relational 
understanding of the links and relationships that gives mathematics its structure aids in 
motivation (Skemp, 2006).  The NCTM’s Principles and Standards for School 
Mathematics (PSSM; NCTM, 2000) focuses on the conceptual understanding of 
mathematics by endorsing activities that promote reasoning and proof, problem solving, 
and mathematical communication and connections through the use of multiple 
representations and real-world applications.  However, these intended real-world 
connections may vary between students based on individual differences such as culture, 
ethnicity, gender, and age; different students will make sense of mathematics in different 
ways.   
Mueller, Yankelewitz, and Maher indicated that sixth-grade students’ personal 
sense makings of mathematical ideas led to intrinsic motivation and more positive 
attitudes toward mathematics (e.g., self-efficacy and mathematical autonomy).  Mueller 
et al. (2011) finds that students who develop ownership of their ideas are more likely to 
engage in mathematical reasoning and, thus, are more apt to acquire relational 
understandings of concepts.  These findings echo the results stated by Francisco and 
Maher (2005) that students’ mathematical reasoning is promoted when students take 
ownership of mathematical ideas.  Ownership of mathematical activity means that 
“students’ mathematical ideas, representations, justifications and decisions are 
emphasized over those of teachers, researchers or other experts” (p. 367).  Such findings 
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suggest that students who can make sense of and take ownership of mathematical ideas 
will not only develop mathematical reasoning, but their intrinsic motivation may also 
lead to more positive attitudes toward mathematics.  
For students to be motivated and to see the usefulness of mathematical concepts, 
they must make the personal connections between school mathematics and how these 
concepts might be encountered in their life outside of school.  The works of Malmivuori 
(2006) and Elliott, Oty, McArthur, and Clark (2001) indicate some students’ attitudes are 
affected by the personal applicability, or lack thereof, of mathematics to their lives and 
possible future careers.  The executive summary of Adding It Up: Helping Children 
Learn Mathematics (Kilpatrick, Swafford, & Findell, 2001) further describes productive 
disposition as one’s “habitual inclination to see mathematics as sensible, useful, and 
worthwhile, coupled with a belief in diligence and one’s own efficacy” (p. 5).  Although 
it remains important to advance research regarding the cognitive domain and how 
students meaningfully learn and understand mathematics, research must also involve the 
affective domain concerning students’ attitudes and how they make sense of mathematics 
(McLeod, 1988; Leder, Pehkonen, & Törner, 2002).   
Philosophical Perspectives on Mathematics Learning 
Traditional mathematics instruction is typically based on the view that teachers 
are the transmitters of knowledge (e.g., established facts, skills, and concepts) with 
students passively absorbing the information (Clements & Battista, 1990).  Traditional 
education generally focuses on conveying information, not on student learning; lecture is 
the primary method of instruction with minimal student interaction.  Constructivism, on 
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the other hand, is a theory based not only on knowledge, but also on how an individual 
comes to know.  It is “characterized as both a cognitive position and a methodological 
perspective” (Noddings, 1990, p. 7).  The constructivist theory is based on the tenets that 
students move from experience to knowledge by constructing their own meaning and 
building new learning from prior knowledge.  Learning in this sense is defined as an 
active experience in that what is to be learned depends on the abilities each learner brings 
to a given situation (Cobb, 1994; Cobb & Yackel, 1996).  These abilities incorporate 
prior knowledge and previous experiences along with cognitive and affective traits that 
can both help and hinder the learning process (Schoenfeld, 1989; Zahorik, 1995).  
Confrey (1990) concurs with such conclusions and asserts that understanding is 
constructed through experiences, and “the character of our experience is influenced 
profoundly by our cognitive lens” (p. 108). 
An additional principle underpinning the constructivist framework is the notion 
that new mathematical knowledge is created by reflecting on mental and physical actions; 
ideas are made meaningful when an individual assimilates the idea into an existing 
framework of knowledge (Clements & Battista, 1990).  It is not enough for students to 
simply absorb and accumulate information; they must be given opportunities to 
assimilate knowledge by constructing accurate and complete mathematical 
understandings (Baroody & Ginsburg, 1990).  Making such connections brings meaning 
to ideas, and thus, knowledge is and will be unique to each individual learner (Anderson, 
1982).  The underlying goal of a constructivist teacher is “to help students build 
mathematical structures that are more complex, abstract, and powerful than they currently 
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possess” (Battista, 1999, p. 1).  This can be accomplished through problem solving 
activities as well as by providing opportunities for students to experience perturbations; 
these perturbations encourage students to reflect on their actions so they can make the 
“cognitive restructurings” (p. 1) that will allow them possibly to accommodate the new 
information.   
According to Skemp’s (1977) Theory of Intelligent Learning, mathematical 
understanding of a concept is composed of instrumental and relational understanding.  
Instrumental understanding is a mechanical or rote understanding, usually based on 
merely memorizing formulas or recognizing which “rules” to apply.  Unfortunately, this 
form of understanding may be the only kind of “understanding” students have previously 
been exposed to; simply arriving at a correct answer without understanding the reasoning 
behind their attempts to obtain a solution or the meaning of the answer obtained.  
Relational understanding, on the other hand, involves more meaningful learning in which 
students are able to get a correct answer (if one exists), and also understand the process 
behind obtaining this answer.  In the end, relational understanding is more meaningful 
and useful to students, allowing them to establish links and relationships between 
mathematical ideas.  Instrumental understanding is knowing “what” to do; relational 
understanding is not only knowing “what” to do, but “why” you are doing it and the 
meaning of what you have obtained (once you have “done” it).  Relational understanding 
gives mathematics its structure.  Bruner (1983) echoes this belief by stating, “Knowing 
how something is put together is worth knowing a thousand facts about it” (p. 183).  
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Bruner emphasizes that the focus on learning should be on the structure or the thought 
process, and not on the final product.   
The teacher’s role in a constructivist classroom setting is to help students make 
connections between their previous knowledge and their experiences with new 
mathematical concepts. This is done by providing unique situations and novel 
opportunities for students to question their conjectures and reasoning, and to provoke 
students as they engage in, reflect on, and make sense of the given mathematical concept.  
Teachers enhance this constructivist environment by posing open-ended questions, which 
provide students with the opportunities to construct their own mathematical knowledge.  
Assessment in the constructivist classroom is generally informal and consists of 
formative methods, which allow teachers to monitor students’ progress over time, and to 
inform both the student and the teacher of the progression of the lesson’s concept 
(Brahier, 2009).  Such assessment methods may include class discussions, observations, 
journal writing, and student questioning as opposed to formal, traditional assessment 
methods that generally focus on correct answers and final products.  Assessment in the 
constructivist classroom is based on the belief that the process of how students are 
constructing their understanding and how they are making sense of the mathematics is 
just as (or more) important as the final product. 
Even though there are several variants of constructivism, the two main forms are 
radical constructivism and constructivism viewed through a social lens – social 
constructivism or socioculturalism.  The former viewpoint, attributed to Glasersfeld, 
contends that students actively construct their own ways of knowing as they learn and try 
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to make sense of their experiences; it is up to individuals to link interpretations of ideas 
and experiences with his or her own reference of what is possible and viable (Glasersfeld, 
1995).  The main principle of radical constructivism, as compared to the “simple/trivial” 
(Battista, 1999, p. 5) or “moderate” (Young & Collin, 2004, p. 376) view of 
constructivism is that while children construct knowledge in order to resolve 
inconsistencies and contradictions in their mathematical experiences, this reality is in fact 
unknowable because it exists independently of human thought and action (Cobb, 1988).  
Kilpatrick (1987) agrees that the main difference between these two constructivist 
viewpoints is that one of the principles in the simple/trivial constructivist sense is that the 
“coming to know is an adaptive process that organizes one's experiential world; it does 
not discover an independent, pre-existing world outside the mind of the knower” (p. 3).  
Similarly, Young and Collin (2004) state that in radical constructivism it is the mind that 
constructs the reality, while from a moderate constructivist’s perspective, “individual 
constructions take place within a systematic relationship to the external world” (p. 376).   
The second major category of constructivism is termed social constructivism or 
socioculturalism.  Although both of these terms are sometimes used interchangeably, 
subtle differences between the two theories do exist.  The relationship between the 
individual and society, and the effect of social interaction, language, and culture on 
learning, was the focus of Vygotsky’s work (Young & Collin, 2004).  The main 
underlying principle of social constructivism and socioculturalism is the emphasis placed 
on the social context of learning.  The mental processes (e.g., cognitive structures) people 
use to make sense of information are shaped through social interactions and cultural 
8 
 
beliefs (Bruner, 1986).  Bruner’s sociocultural (a type of social constructivism) beliefs 
parallel the works of Vygotsky; both viewpoints recognize that influences on individual 
construction are derived from and preceded by social relationships (Young & Collin, 
2004).  Gadanidis and Geiger (2010) add to these designations, explaining that social 
constructivism theories of learning are founded on a position that intellectual 
development is facilitated by social interaction.  Sociocultural theories, on the other hand, 
are posited on the belief that the aforementioned intellectual development originates in 
the social interactions.  “Learning is a process of enculturation into the practices of a 
learning community” (p. 96).  In this aspect, the classroom, including the mathematics 
classroom, is seen as a culture in which students are part of a social discourse involving 
explanation, negotiation, sharing, and evaluating.  This discourse establishes truths and 
ideas collaboratively (Battista, 1999).   
There exists an ongoing dispute as to whether mathematical learning is primarily 
“a process of active cognitive reorganization or a process of enculturation into a 
community of practice” (Minick, 1989, as cited in Cobb, 1994).  Cobb indicates social 
constructivists argue that cognitive processes are integrated in social and cultural 
practices; whereas radical constructivists analyze thoughts in terms of conceptual 
processes located in each individual.  However, Cobb, as well as Steffe and Thompson 
(2000) believe these two viewpoints are not mutually exclusive and should not be viewed 
independently while others such as Lerman (1996) contend that an attempt to entwine the 
viewpoints of social and radical constructivism is problematic and leads to a disjointed 
theory of learning.  I agree with Cobb’s viewpoint that the “coordination of perspectives 
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leads to the view that learning is a process of both self-organization and a process of 
enculturation that occurs while participating in cultural practices, frequently while 
interacting with others” (p. 18). 
Technology in Mathematics Education 
NCTM’s (2000) PSSM document states the importance for all K-12 students to 
have access to a variety of technological tools.  Similarly, documents such as the 
American Mathematical Association of Two-Year Colleges’ (AMATYC) Beyond 
Crossroads: Implementing Mathematics Standards in the First Two Years of College 
(2006) and the Mathematical Association of America’s (MAA) Undergraduate Programs 
and Courses in the Mathematical Sciences: CUPM Curriculum Guide (2004) support the 
use of technology in mathematics classes at the undergraduate level as well.  Technology 
utilized appropriately should not be used as a replacement for the mastery of important 
concepts and skills, but should be employed to enhance students’ learning of these 
concepts and skills and to influence the mathematics being taught.  Along with offering 
the means to compute quickly, efficiently, and effortlessly, technological tools help 
students understand and “do” mathematics by providing dynamic environments (e.g., 
Key Curriculum Press’ Fathom Dynamic Data Software [2013a] and The Geometer 
Sketchpad [2013b]) and visual representations of mathematical ideas.   
Teachers can use these visual representations as didactic objects.  Such objects 
support reflective discourse around the central ideas of a lesson and can be purposefully 
designed to encourage the perturbations in a student’s thinking discussed earlier.  Calder 
(2010, 2011) refers to these “visual perturbances” (2011, p. 24) as a gap between the 
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expected visual output and the actual visual output.  It is this visual uncertainty that can 
either evoke, or alternatively scaffold, further reflection that might lead to the reshaping 
of the learner’s understanding and sense making of the mathematical content. 
Kaput (1992) suggests technology is a way to make mathematical ideas available 
to everyone.  In this sense, it appears Kaput is democratizing these mathematical ideas, 
asserting that technology will help make mathematical knowledge more about the process 
of learning the mathematics meaningfully.  Similarly, Bruner suggests that, “Any subject 
can be taught effectively in some intellectually honest form to any child at any stage of 
development” (Bruner, 1960, p. 33).  Technology can be used in such a way as to allow 
students at all stages of learning to not only make conjectures and explain their reasoning 
and ideas with others, but also to reflect on and reshape mathematical ideas, making these 
ideas more meaningful.   
When referring to the use of technology in the mathematics classroom, the 
Common Core State Standards for Mathematics (Council of Chief State School Officers 
& National Governors’ Association [CCSSO & NGA], 2010) places technology in many 
of its standards at both the elementary and secondary mathematics levels.  Designed to 
prepare high school graduates to succeed in entry-level mathematics college courses or 
workplace preparation programs, the Common Core State Standards for Mathematics 
(CCSSM) was developed as part of a state-led effort and informed by current state and 
national standards (e.g., NCTM’s PSSM), in addition to the standards of top performing 
countries (Association of Mathematics Teacher Educators [AMTE], 2013).   
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In the CCSSM (CCSSO & NGA, 2010), technology is used at the secondary level 
to help students visualize the results of their assumptions and to explore consequences 
(reflection), recognize patterns, construct shapes given certain conditions, make 
connections between different representations of functions (e.g., algebraic, numerical, 
graphical), and to communicate mathematically with their peers by explaining and 
justifying their answers.  The focus on a balanced combination of procedural fluency (the 
skill in carrying out procedures flexibly, accurately, efficiently and appropriately) and 
conceptual understanding (the comprehension of mathematical concepts, operations, and 
relations) is assisted by the use of technology.  The CCSSM also contains eight Standards 
for Mathematical Practice.  These Practice Standards describe different habits of mind 
and “varieties of expertise that mathematics educators should seek to develop in their 
students” (CCSSO & NGA, 2010, p. 6).  The fifth Practice Standard pertains to the use of 
technology, stating that a mathematically proficient student will “use appropriate tools 
strategically” (p. 7), and consider all available tools when solving a mathematical 
problem.  This statement refers to both technological and non-technological “tools.” 
Students need to choose the tools that will best help them explore, make sense of, and 
deepen their mathematical understanding—tools that will be useful for solving a given 
problem in a given situation.   
While the focus of the Standards for Mathematical Practice is at the K-12 level, 
the MAA (2004) provides six fundamental recommendations in the CUPM for the 
teaching of mathematics at the undergraduate level.  Of the six recommendations, the 
fifth recommendation specifically addresses the use of technology:  “At every level of the 
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curriculum, some courses should incorporate activities that will help all students progress 
in learning to use technology appropriately and effectively as a tool for solving problems, 
and as an aid to understanding mathematical ideas” (p. 2).   
Critics of the use of technology in the classroom argue that its use will “dumb-
down” the curriculum and not allow students to think for themselves (Zorn, 2002).  I, 
however, agree with Ball and Stacey (2005) who contend that technology used 
“judiciously” (p. 3) allows students to make sensible choices about when to use, or not 
use, the technology.  Ball and Stacey recommend different teaching strategies for helping 
students use technology judiciously.  These strategies include integrating technology into 
the curriculum by providing tasks and examples that incorporate the use of technology, 
and tasks in which the use of technology is not needed.  Students should also be 
encouraged to stop and think about (e.g., reflect on) the reason why they are choosing to 
use the technology; to not reach automatically and mindlessly for the technology at every 
possible opportunity.  Finally, to promote number sense in students, teachers should 
encourage students to use algebraic insight to verify the reasonableness of their answers 
and their procedural work.  Algebraic insight is “a mix of conceptual knowledge and 
simple procedural knowledge that is needed to supplement, guide, and monitor 
procedural work” (p. 13).  This judicial use of technology enhances the student’s 
mathematical power.   
Another critique of the use of technology in the classroom is that “just because 
it’s there doesn’t mean it has to be used,” similar to “weren’t these math problems done 
in the past when there was no technology available?”  According to the Partnership for 
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21st Century Skills (2011), what K-12 students need to learn in the classroom to become 
productive members of society has dramatically changed over the last few decades.  We 
are no longer living in an industrial society, but rather in an informational society where 
technology is ubiquitous.  One of the goals of the 21st Century Skills was to enable 
innovative learning methods that integrate the use of technologies to assimilate skills 
such as problem solving, critical thinking and communication into core academic subjects 
such as mathematics.  The MAA (2004) echoes this belief by stating that “mathematics is 
universal: it underlies modern technology, informs public policy, plays an essential role 
in many disciplines, and enchants the mind” (p. 3).  We have new and different tools that, 
when used judiciously, will enable students to compete for available opportunities in a 
technology-present world (Heid & Blume, 2008).   
Teachers can implement lessons in mathematics classrooms at all grade levels to 
introduce students to both the mathematical content and to the technological skills needed 
to complete lessons and engage student learning.  There will be times and situations when 
the “appropriate and responsible use of technology” (NCTM, 2000, p. 333) may be for 
developing a relational understanding of a concept or times when the technology may be 
used instrumentally for practicing mathematical skills and performing calculations.  
“Proficient students are sufficiently familiar with tools appropriate for their grade or 
course to make sound decisions about when each of these tools might be helpful, 
recognizing both the insight to be gained and their limitations” (CCSSO & NGA, 2010, 
p. 7).  Technology such as computers and calculators must be used in any K-16 
mathematics classroom in ways that allow students to actively construct their own 
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meaning of the intended mathematical concepts.  Technology may also potentially help in 
developing the aforementioned procedural fluency, in addition to mathematical reasoning 
and modeling.   
In summary, technology facilitates students’ engagements in and conceptual 
understandings of mathematical ideas, as well as playing critical roles in students’ 
investigating, observing, conjecturing, explaining, and sharing of the processes used in 
relation to these understandings.  From a sociocultural perspective, technology used for 
these purposes can be viewed as “cultural tools that not only reorganize cognitive 
processes but also transform classroom social practices” (Goos, 2005, p. 39).   
Spreadsheets in Mathematics Education 
Among the many different technologies endorsed by the NCTM (2000), the 
electronic spreadsheet (e.g., Excel) is utilized throughout its proposed grades 3-12 
mathematics curriculum.  Spreadsheet lessons and tasks (e.g., NCTM Illuminations) 
include using pictures, number lines, and ready-made templates to convey mathematical 
ideas to younger students.  Older students use the spreadsheets to organize and explore 
data, generalize formulas, and view multiple representations of mathematical concepts.  
Using spreadsheets can also promote and develop higher order thinking and problem 
solving skills by allowing students to posit “what if...” type questions (Abramovich & 
Nabors, 1998).  These questions can be explored quickly by allowing students to use 
spreadsheets to interactively update values and engage in a generative role in learning 
(Clements, 1989; Masalski, 1990).  Students are able to control the values they are 
inputting in the spreadsheet; they are able to use values of their own choosing, thus 
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controlling the displays and different representations of the mathematical concept.  This 
exploration allows students to take ownership of their own learning.  In addition, 
spreadsheet displays and representations generated by a student can be explored and 
discussed with other students, allowing each student to benefit not only from his or her 
own experience with the content, but also from sharing and discussing this experience 
with other students.   
Hesse and Scerno (2009) assert that the use of spreadsheets in mathematics 
instruction also gives students the opportunity to study their results to verify that the 
answers make sense.  “Not since the days of slide rules have we been emphasizing what 
the answer should look like; this allowed students to sharpen their intuition and common 
sense” (p. 164).  Battista and Borrow (1998) add that spreadsheet-based tasks relieve 
students of the demands of computations and encourage them to progress through 
different levels of sophistication in their thinking about the procedures they are using.  
Tasks of this nature allow students to formulate “abstractions and related mental 
operations that are a necessary part of meaningful algebraic thinking” (p. 478.). 
With appropriate spreadsheet activities, students are able to construct their own 
mathematical questions, and are better able to develop both a relational understanding 
(Skemp, 1977) and a conceptual understanding (NCTM, 2000) of a specific mathematical 
concept.  Students who have a relational understanding of a concept is able to perform the 
necessary processes to solve a problem and obtain a solution to the problem, while also 
understanding the process behind obtaining the correct solution.  Students who 
understand a concept at a conceptual level are able to make connections and 
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generalizations about the concept and apply this concept in novel situations.  An example 
of this type of connection is utilizing the spreadsheet tool to graph tabular data.  Students 
are able to visually explore and manipulate the different representations of the data (e.g., 
table of values and graph), allowing the students to make sense of the connection 
between the different representations (Abramovich et al., 1999; Alagic, 2003). 
As indicated earlier, students who have both relational and conceptual 
understandings of mathematics learn in a personally meaningful way.  This type of 
understanding generally molds students who are more intrinsically motivated and have 
more positive attitudes toward mathematics (Mueller et al., 2011).  Abramovich and 
Pieper (1996) believe that using spreadsheets in the mathematics classroom encourages 
learners’ engagement in experimentation and observation by helping students to actively 
construct their own meaning of the concepts.  In addition, by using real-world situations 
with which students are familiar, spreadsheets can help students stay focused and “make 
sense of the mathematics that is behind the reality so they can extract from it the 
appropriate concept” (p. 4).  Spreadsheets also allow efficient construction of models and 
representation of patterns and structures that would take far too long to discover using 
pen and paper or even graphing calculators (Sugden, 2007). 
Mathematics teachers may find that along with teaching the intended 
mathematical content, there may be times when they must also help students learn how to 
employ the technology tool currently being used in the classroom.  Niess (2005) claims 
that classroom problems can be used that allow students to gain the necessary spreadsheet 
skills in a “piecemeal fashion” (p. 48).  This keeps the focus on the mathematics and not 
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on the technology, and results in the students being comfortable using the spreadsheet as 
a tool for learning mathematics.  Calder (2010) agrees that there is a need to balance the 
development of spreadsheet skills to enable entry into the spreadsheet environment with 
the development of students’ mathematical thinking.   
The Impact of Technology on Attitudes  
“The negative attitude to mathematics, unhappily so common, even among 
otherwise highly-educated people, is surely the greatest measure of our failure and a real 
danger to our society” (Skemp, 2006, p. 94).  Even though a cursory review of literature 
produces a plethora of research relating to technology and its effect on mathematical 
achievement, research relating technology to classroom motivation and student attitudes 
about mathematics is not as prevalent.  However, those studies examining technology and 
its effect on student motivation and attitudes have generally resulted in significant and 
positive outcomes.  Hembree and Dessart’s (1986) meta-analysis of studies involving the 
use of hand-held basic (non-graphing) calculators in K-12 mathematics classrooms 
indicates that “students using calculators possess a better attitude toward mathematics 
and an especially better self-concept in mathematics than non-calculator students.  This 
statement applies across all grades and ability levels” (p. 96).  The recommendation by 
NCTM (1980) for the use of calculators in mathematics classrooms and the introduction 
of graphing calculators in the mid-1980s warranted further analysis of the research 
conducted on the use of calculators in the classroom.   
Ellington’s (2003) meta-analysis on calculator usage in K-12 classrooms included 
the use of graphing calculators as well as basic calculators.  In addition to the six 
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attitudinal factors studied in Hembree and Dessart’s (1986) analysis (enjoyment of 
mathematics, anxiety toward mathematics, self-concept in mathematics, motivation to 
increase mathematical knowledge, perception of mathematics teachers, and value of 
mathematics in society), Ellington’s study also included students’ attitudes toward the use 
of calculators in mathematics.  Her findings, which agree with Hebmree and Dessart’s 
analysis, suggest that the use of calculators in K-12 mathematics classrooms has a 
positive effect on attitudes toward mathematics for students across all levels.  “Students 
who used calculators while learning mathematics reported more positive attitudes toward 
mathematics than their non-calculator counterparts on surveys taken at the end of the 
calculator treatment” (p. 455). 
Computer-based instruction (CBI) or computer-assisted instruction (CAI) also 
appears to result in a positive change in student attitudes.  Kulik and Kulik’s (1991)  
meta-analysis of findings involved 254 controlled evaluation studies with learning taking 
place in classes taught with and without CBI.  Their study included all subject areas and 
involved kindergarten to adult learners.  The results of this meta-analysis indicated that 
learning with CBI had positive effects not only on student exam scores, but also on 
student attitudes toward the subject matter.   
Incorporating and using technology in teaching mathematics can inspire students 
to become active participants in the classroom by encouraging students to think and 
reason mathematically (NCTM, 2000).  One reason why this type of thinking and 
reasoning may lead to intrinsic motivation and positive attitudes toward mathematics is 
the ability for students to “off-load” routine computations (Kaput, 1992).  This                       
19 
 
off-loading decreases the cognitive load and allows students to reflect deeper and focus 
more on higher-order mathematics such as problem solving and critical thinking.        
Off-loading allows students to make meaningful mathematical connections.  An example 
of off-loading would be using technology (e.g., graphing calculator, spreadsheet) to view 
the equation of a linear function while also using the tool to observe the associated table 
of values and the graph of the line.  Off-loading in this sense allows students to free up 
mental capacity, alleviating the frustration and anxiety that may be involved in 
performing these tasks of constructing a table and graph without the use of technology.  
According to McLeod (1992), students who are less frustrated and anxious will tend to 
have a more positive attitude toward the task.  However, “technology in and of itself is 
not a panacea that will resolve all students’ struggles” (Raines, 2011, p. 5).  It is only the 
appropriate use of technology that will allow educators to provide opportunities for 
students to develop this richer understanding of the mathematics.   
Students who are actively engaged in their learning processes and are using 
appropriate technology to help them make sense and construct knowledge of mathematics 
are more intrinsically motivated, and in addition, may find the content more enjoyable 
(Samuels, 2010; Selker, 2005).  Fredricks, Blumenfeld, and Paris (2004) agree that 
affective engagement can be increased through the enjoyment of mathematics, which 
may then lead to improved learning, achievement, and confidence.  Students who believe 
that learning mathematics is simply memorizing algorithms and formulas and that almost 
all problems can be solved by applying the fact and rules shown to them by their teacher 
or textbook will approach mathematics in a very mechanical fashion (Garofalo, 1989a, 
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1989b).  Beliefs such as these are detrimental to students’ conceptual understandings of 
mathematics and do not encourage students to try to understand or make sense of the 
mathematics they are learning.  Technological tools, such as the spreadsheet, will not 
only abet students’ sense making of mathematics, but can also play a vital role in 
positively influencing students’ attitudes toward mathematics.  
Purpose of the Study 
Spreadsheets are becoming popular cognitive tools in the K-12 classroom for 
exploring mathematical phenomena and building conceptual understandings of 
mathematical ideas (Alagic, 2003).  Jonassen (1992) describes cognitive tools as 
“generalizable tools that can facilitate cognitive processing” (p. 2) and make it easier for 
learners to process information.  With the increased use of spreadsheets as a cognitive 
tool for various mathematical concepts at both the elementary and secondary levels (e.g., 
Number Theory—Abramovich [2011], Sugden & Miller [2010]; algebra—Abramovich 
[2005], Kieran & Yerushalmy [2004]; financial mathematics—D’Souza and Wood 
[2001], Sugden [2007]; geometry—Benacka [2008], Isiksal [2005]), the college 
instructor’s concern that students are not familiar with the use of such a tool when 
entering college may soon become a moot point.  In addition, many students may soon be 
using spreadsheets in other college classes (e.g., economics, statistics), at future 
workplaces, or in their homes.  “An application that is likely to be available so widely 
certainly deserves to be considered as a potential tool for teaching and learning 
mathematics” (Kissane, 2007, p. 3).  With the growing number of college students 
owning personal laptops or tablets and several mathematics classrooms now being 
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equipped with computers, the use of spreadsheets in the college classroom is gaining 
popularity.  Baker and Sugden (2007) assert that the role of the spreadsheet as a teaching 
and learning tool will grow in importance at all grade levels as many students become 
more competent with its use and the tool becomes more prevalent in the constructivist 
and sociocultural mathematics classrooms.  In addition, as previously stated, the use of 
appropriate technology affords students the ability to construct their own mathematics, 
which may lead to increased intrinsic motivation (Samuels, 2010; Selker, 2005); 
spreadsheets are one such classroom tool that can be used to increase students’ 
motivation and overall positive attitudes toward mathematics.   
My study, which was conducted at a Northeast Ohio university, analyzed data 
from students using spreadsheets in a Mathematics with Applications course.  This course 
is taken primarily by first or second year students who are non-mathematics majors and 
involves mathematical concepts frequently applied in the management, social, and natural 
sciences.  Topics include systems of linear equations and linear programming, basic 
statistics, functions (linear, exponential, and quadratic) and financial mathematics.  Based 
on my experiences with teaching this course, and discussions with other instructors for 
this course, functions and financial mathematics are concepts with which students seem 
to struggle the most.  Students not only lack a conceptual understanding of these topics, 
they also fail to see how they pertain to their lives. 
When teaching this course, the choice to use different technologies such as 
spreadsheets and graphing calculators, or to use no electronic technology at all, is decided 
by the course instructor.  Currently, all of the instructors teaching Mathematics with 
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Applications use graphing calculators as their technology of choice; no section has been 
taught using the spreadsheet as one of the main technological tools.  One of the reasons 
instructors may choose to use the graphing calculator instead of spreadsheets, is the claim 
that students have portable access to this hand-held technology, while the computers 
needed in the classroom to access spreadsheet programs may not be as accessible.  Many 
instructors also assert that it is easier for students to learn how to use the calculator for 
these mathematical calculations and concepts.  Shore, Shore, and Boggs (2004) however, 
claim that when implementing technology at the tertiary level, using the spreadsheets is 
not nearly as involved as the keystroke procedures students must learn to operate 
graphing calculators.  Students enrolled in the General Education Mathematics course 
used in the Shore et al. study were not required to take an introductory computer course 
as a prerequisite, yet as part of the mathematics course students were still required to 
learn basic spreadsheet functions such as copying and pasting values along with inputting 
data and formulas, inserting functions, and creating tables and graphs.  Sugden (2007) 
adds that spreadsheets allow efficient construction of models and visualization of patterns 
and structures that would take far too long to discover using pen and paper or even 
graphing calculators. 
Many students struggle with concepts such as functions and financial 
mathematics—concepts taught in most undergraduate finite/mathematics with 
applications courses – because they fail to see how these concepts connect to their 
everyday lives (Abramovich, 2003).  Students are unable to make personal connections or 
sense of the mathematical concepts because they are not personally engaged in the 
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mathematics.  The NCTM (2009) defines sense making as “developing understanding of 
a situation, context, or concept by connecting it with existing knowledge” (p. 4).  A 
college freshman faced with arbitrary values used in a financial mathematics amortization 
formula cannot usually make sense of or reason about possible solutions for a reoccurring 
payment.  However, this same formula used in the context of regular monthly car 
payments can possibly allow the student to make a connection to his or her own past or 
current experiences.  In this situation, the student is personally engaged in the meaning of 
the mathematical concept due to his or her experience.  
A lack of this type of sense making has detrimental effects in developing 
students’ “productive disposition” (Kilpatrick et al., 2001) and in influencing the 
cognitive process.  Students, as well as teachers, need to continually ask, discuss, and 
reflect on questions such as “Why do you think that?” and  “What is going on here?”  
Although incorporating thinking skills into mathematics courses at all levels is essential 
to students’ understandings and successes (Council of Chief State School Officers 
[CCSS], 2010), merely covering topics is not enough; students need to experience 
mathematics and create personal meaning for themselves by reasoning about the 
mathematics and making sense of what is happening within the mathematics (Graham, 
Cuoco, & Zimmerman, 2010; NCTM, 2009). 
In addition, although many students have most likely seen concepts such as 
functions at some earlier point in their high school mathematics education, revisiting the 
content using a different approach, such as spreadsheet technology, may not only help 
alleviate misconceptions regarding these concepts, but also change students’ negative 
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attitudes toward the mathematics involved.  Turkle (2005) claims that when students get 
involved with computers, the computers allow the students to open up long-closed 
questions they may have.  The use of this technology can stimulate students to reconsider 
ideas about mathematics and about themselves.  I conjectured that learning the concepts 
in this course, specifically the concepts of functions (linear, exponential, quadratic) and 
financial mathematics, within a sociocultural spreadsheet environment would allow 
students to question, reflect on and discuss their findings.  This in turn would help 
students to develop both a relational understanding (Skemp, 1977) and a conceptual 
understanding (NCTM, 2000) of these specific mathematical concepts.  In addition, 
students’ enhanced understandings and sense makings of these mathematical concepts 
would positively affect their attitudes toward mathematics.   
According to Tapia (1996), mathematics educators generally believe students will 
have greater success in mathematics if they have a positive attitude toward the subject.  
Students’ past beliefs, successes and failures may influence how much effort and time 
they are willing to put in learning specific topics and how useful students may find these 
topics to be.  This includes not only the students’ feelings about mathematics, but also 
aspects about themselves as learners of mathematics (Garafalo, 1989a; McLeod, 1992; 
Schoenfeld, 1987).   
The purpose of this study was to investigate how the use of a spreadsheet-based 
learning environment develops students’ sense makings and conceptual understandings of 
financial mathematics (compound interest, credit card debt) and functions (linear, 
exponential, and quadratic).  Students in my study were provided with opportunities to 
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demonstrate their sense makings and understandings of these concepts while using the 
spreadsheet both within the classroom and through individual work with me.  An 
additional purpose of this study was to determine if the conceptual understandings and 
sense makings achieved through the use of the spreadsheets will positively affect 
students’ overall attitudes toward mathematics—specifically the attitudinal factors as 
defined by Tapia (1996) in her Attitudes Toward Mathematics Inventory (ATMI; 
Appendix A).  These attitudinal factors include Self-confidence (students’ confidence and 
self-concept of their performance in mathematics), Value (students’ beliefs of the 
usefulness, relevance and worth of mathematics in their lives now and in the future), 
Enjoyment (the degree to which students enjoy working with mathematics and how much 
students enjoy mathematics classes in general), and Motivation (students’ interest in 
mathematics and the desire to pursue further studies in mathematics).  
Research Questions   
The following questions are addressed in this study: 
1. Does the use of a spreadsheet-based learning environment in an undergraduate 
Mathematics with Applications course affect students’ attitudes toward 
mathematics as measured on the Attitudes Toward Mathematics Inventory 
(ATMI)? 
2. How do students perceive the spreadsheet-based learning environment as 
contributing to their  
a. conceptual understandings and sense makings of the content? 
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b. attitudes toward mathematics?  Specifically, how do students’ perceptions 
of their experiences support or challenge the quantitative ATMI results? 
3. How do students’ perceptions of their own mathematical efficacies align with 
those demonstrated during the spreadsheet problem solving activities? 
Goals of the Study 
 Very few studies have explored the relationship between attitudes toward 
mathematics and the effect of spreadsheet technology on these attitudes.  Calder (2008) 
explored how the use of spreadsheets in a New Zealand Year 6 mathematics class 
(equivalent to fifth grade in the United States educational system) affects students’ 
attitudes toward mathematics and their approach to doing mathematical problem solving.  
Gasiorowski’s (1998) study conducted with seventh-grade students from a middle school 
in Ohio sought to determine the relationship between mathematics achievement and 
several student characteristics, including students’ attitudes toward mathematics.  Studies 
involving the potential relationship between spreadsheet technology and college-aged 
mathematics students’ attitudes toward mathematics are even scarcer.  In a quasi-
experimental study conducted over twenty years ago, Hulse (1992) investigated college 
freshmen in technical mathematics courses to determine the effect of spreadsheets on 
mathematics achievement and anxiety.  Therefore, the paucity of this type of study, as 
well as the possible impact of spreadsheet technology on mathematics learning and 
attitudes, were the driving forces behind the desire to research this issue.   
Studies exist that quantitatively measure the relationship between students’ 
attitudes and mathematical achievement (Ma & Kishor, 1997; Ma & Xu, 2004), however, 
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not only have most of these studies produced non-significant results regarding the 
correlation between attitude and achievement, but it is also unclear if this “achievement” 
measurement indicates mathematical understanding.  Historically, performance and 
learning in mathematics have been based on correctness of evaluation (Kieran, 1994) and, 
unfortunately, there are often times when students obtain correct answers or high grades 
on tests, but are still unsure of the meaning of the mathematical concepts.  Students may 
understand a concept instrumentally (e.g., they may know simply “what” to do to solve a 
problem), but do they have a conceptual understanding of the mathematics?  Therefore, 
in addition to gathering quantitative data regarding students’ attitudes toward 
mathematics as measured on the ATMI, I also collected and analyzed qualitative data.  
This data was composed of students’ perceptions of their attitudes toward mathematics 
and their mathematical understandings of the specified mathematical concepts.  This area 
of my study may help to address student comments I often overhear: “I got an ‘A’ on the 
test, but I’m not sure how since I still don’t really understand it!” 
One goal of this study is that its findings will allow undergraduate mathematics 
instructors who teach similar courses and the concepts explored in this study to recognize 
the effect of spreadsheet technology on student attitudes toward mathematics—a 
discipline that tends to have large numbers of poor attitudes at the college level 
(Goodykoontz, 2008).  In addition, results from this study may open the door to the use 
of an “untethered and, overlooked technology” that should be used in every mathematics 
classroom when appropriate (Sugden, 2007).  These results may not only help teachers 
better understand the important role students’ attitudes play in their sense makings and 
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understandings of mathematics, but may also encourage teachers to explore new 
technologies to help their students develop more robust understandings and to improve 
their students’ attitudes toward mathematics.  Research suggests the interwoven 
relationship between students’ cognitive and affective domains, and that improved 
student attitude toward mathematics leads to increased engagement, better understandings 
of a technological society, and contributions to the work force (Murcheson, 2010).  A 
final goal of this study was that the results will add to the dearth of college-level 
mathematics education literature regarding students’ perceptions of their mathematical 
understandings, and how these understandings relate to their beliefs of and attitudes 
toward mathematics.  A structure within the classroom that strives to support more 
positive attitudes toward mathematics is the best way we can ensure we will meet the 
needs of our students along with the future mathematical needs of our society. 
Instruments Derived From Frameworks 
Whether a researcher is using a quantitative, qualitative, or mixed methods 
design, the collection and analysis of all data should be based on a theoretical framework.  
My study’s exploration of how a spreadsheet-based learning environment affects 
students’ attitudes toward mathematics and how this environment aides students’ 
conceptual understandings and sense makings of mathematics was guided by a theoretical 
approach based on the tenets of the sociocultural learning theory previously described.  
Rocco and Plakhotnik (2009) state that the terms theoretical framework and conceptual 
framework are often used interchangeably by researchers and that this causes confusion.  
For the purpose of this study, differentiation between these two terms is as follows: a 
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theoretical framework draws upon the concepts, terms, definitions, models, and theories 
of a particular disciplinary orientation (Merriam, 2009), while a conceptual framework or 
model as defined by Miles and Huberman (1994) is a visual or written product that 
“explains, either graphically or in narrative form, the main things to be studied—the key 
factors, concepts, or variables—and the presumed relationships among them” (p. 18).   
In my current study, three different instruments, derived from existing 
frameworks, were used to guide the research.  To answer the first research question (Does 
the use of a spreadsheet-based learning environment in an undergraduate Mathematics 
with Applications course affect students’ attitudes toward mathematics as measured on 
the Attitudes Toward Mathematics Inventory [ATMI]?) and to guide the collection and 
analysis of the quantitative data, Tapia’s (1996) ATMI framework was employed.  This 
model measures the attitudinal variables of Self-confidence, Value, Enjoyment of 
mathematics, and Motivation.  The ATMI model was also used to answer the last part of 
the second research question (How do students perceive the spreadsheet-based learning 
environment as contributing to their attitudes toward mathematics?  Specifically, how do 
students’ perceptions of their experiences support or challenge the quantitative ATMI 
results?).  The first part of the second research question (How do students perceive the 
spreadsheet-based learning environment as contributing to their conceptual 
understandings and sense makings of the content?) as well as the third question (How do 
students’ perceptions of their own mathematical efficacies align with those demonstrated 
during the spreadsheet problem solving activities?) was guided by the remaining two 
frameworks.  The Master, Servant, Partner, Extension-of-Self Framework (MSPE; Goos, 
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Galbraith, Renshaw, & Geiger, 2000) can be found in Appendix B, and Biggs and Collis’ 
(1982) Structure of the Observed Learning Outcomes Taxonomy (SOLO) can be found in 
Appendix C.  These three frameworks are briefly presented later in this chapter, 
described in fuller detail in Chapter 2 of this document, and the methods for which the 
frameworks were used to analyze the data collected during the study are discussed in 
Chapter 3.   
According to Mewborn (2005, p. 3), using a framework brings a researcher two 
main benefits: “it serves as a sort of binocular that allows one to narrow down the scope 
of the research site to focus on particular aspects of the situation” and it forces the 
researcher to “constantly compare and contrast what the data are saying with what the 
framework is saying.”  There have been many attempts to provide an adequate theoretical 
basis for mathematics research on attitude and the affective domain (Leder, 1987), 
however most of these frameworks have evolved from social or behavioral psychology.  
One such theory, the seminal Theory of Planned Behavior (TPB; Ajzen & Fishbein, 
1980) suggests a link between attitudes and behaviors; individual behaviors are driven by 
behavioral intentions that are a function of an individual's attitude toward the behavior.  
Attitude toward the behavior, as defined by Ajzen and Fishbein, is an individual's 
positive or negative feelings about performing the behavior.  TPB has been applied to 
studies in various fields such as advertising, public relations, and healthcare (e.g., matters 
such as weight management and smoking cessation).  Even though Dogbey (2010) used 
this framework to quantitatively study the attitudes toward mathematics of community 
college students and their perceptions of mathematically intensive careers, attitudinal 
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researchers such as Garofalo (1989a) and McLeod (1992) recommend the use of a more 
constructivist-based theory with which to measure attitudes and emotions; the TPB does 
not lend itself well to qualitative research in mathematics education.   
In qualitative research conducted from a constructivist point of view, the 
researcher is acknowledging the fact that students will construct their own meaningful 
mathematics based on their past and current experiences, and on their perceptions of 
these experiences.  Each student brings with him or her different experiences (e.g., 
previous mathematical knowledge, cultural experiences, and beliefs about and attitudes 
toward mathematics) that affect the way any knowledge, including mathematics 
knowledge, is constructed.  Students’ beliefs and attitudes are also shaped by these same 
unique experiences, both inside and outside the classroom.  There is an overlap between 
the cognitive and affective domain (Lynch, 2009).  From within the affective domain, a 
qualitative researcher may ask questions such as “How is a student’s attitude changed due 
to thinking of mathematics, or doing mathematics, in this way?  How does a student’s 
belief regarding mathematics impede or enhance the learning and personal sense making 
of mathematics?”   
Garofalo (1989a) and McLeod (1992) claim that theories such as the Theory of 
Planned Behavior (TPB) described earlier are based too heavily on behaviorism—attitude 
data is collected quantitatively, statistically analyzed, and interpreted without giving 
much thought as to what lies between the quantitative values.  Not only can a score of “3” 
on a Likert-type survey mean two different things to two different people taking the 
survey, but consideration must also be given as to what might have been the deciding 
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factor of a user choosing a 3 on this same scale as opposed to selecting a 2 or a 4.  
McLeod claims that very little of the research using frameworks such as the TPB reflects 
the constructivist approach that has become prominent within mathematics education.  He 
posits that using an approach based on constructivism and not on behaviorism could help 
make important connections between attitude research and theories of learning; 
attitudinal frameworks need to take into account that learners are “actively engaged in 
constructing their knowledge of mathematics, rather than just absorbing it” (p. 166).   
Skemp (2006) agrees by stating, “there is nothing so powerful for directing one's 
actions in a complex situation, and for coordinating one's own efforts with those of 
others, as a good theory” (p. 94).  Yet while the need for research on students’ attitudes 
toward mathematics still exists, inquiry into the affective domain continues to be a 
challenge (Kislenko, Grevholm, & Lepik, 2007), and finding this evasive, yet well-
defined theoretical framework in which to study students’ beliefs and attitudes using a 
constructivist approach remains problematic.  
The Master, Servant, Partner, Extension-of-Self Framework (MSPE)  
The MSPE Framework (Appendix B) is underpinned by a sociocultural 
perspective in that it emphasizes both the role of students’ own activities and interactions 
in addition to the importance of tools, such as digital technologies, in facilitating student 
learning (Goos, Gailbrath, Renshaw, & Gieger, 2000).  Four broad categories 
(Technology as Master, Technology as Servant, Technology as Partner, and Technology 
as Extension-of-Self) are used in this framework.  Of importance to this current study is 
the aspect that these four categories are viewed through the lenses of individual student 
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work and small group settings; the spreadsheet activities used in this study will 
encompass both of these learning environments.   
The Structure of the Observed Learning Outcomes Taxonomy (SOLO)  
The levels of learning in Biggs and Collis’ (1982) Structure of the Observed 
Learning Outcomes Taxonomy (SOLO; Appendix C) was used as the third framework to 
guide the collection and analysis of the data during this current study.  Using this 
taxonomy allowed for the analysis of students’ levels of understandings and their possible 
sense makings of the mathematical concepts.  This taxonomy describes five levels of 
increasing complexity in students’ understandings of mathematical concepts 
(Prestructural, Unistructural, Multistructural, Relational, and Extended Abstract).  
The Attitudes Toward Mathematics Inventory (ATMI)  
Tapia’s (1996) ATMI framework (Appendix A) discussed earlier was used to 
measure students’ attitudes toward mathematics based on the four factors of Self-
confidence, Value, Enjoyment, and Motivation.  Using the foundations of these three 
models (MSPE, ATMI, and SOLO) while analyzing both quantitative and qualitative data 
provided me with three different perspectives on how students’ sense makings and 
conceptual understandings of specific mathematical concepts and their use of the 
spreadsheet technology may influence their beliefs about and attitudes toward 
mathematics.  The conception and further descriptions of these three frameworks are 
discussed in Chapter 2 of this document, while methods for data collection and analysis 
using these frameworks are discussed in Chapter 3. 
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Definition of Terms  
Affective domain: One of three mental functions, this domain consists of a broad 
range of feelings and moods including, as specific components, attitudes, beliefs, and 
emotions (McLeod, 1989). 
Attitudes: The affective responses that involve positive, negative or neutral 
feelings of moderate intensity and reasonable stability. 
Attitudes Toward Mathematics Inventory (ATMI): The 40-item instrument used in 
this study to measure students’ attitudes toward mathematics.  It includes the four 
attitudinal factors (sub scales) of Self-confidence, Value, Enjoyment, and Motivation 
(Tapia, 1996).  (Individual factors are defined in Chapter 2.) 
Beliefs: These are the mental acceptance of and conviction in the truth, actuality, 
or validity of something. 
Cognitive domain: One of three mental functions, this domain involves the 
processes (perceiving, recognizing, conceiving, judging, and reasoning) and measurable 
results of study (English & English, 1958). 
Conative domain: One of three mental functions, this function involves conscious 
tendencies to act (e.g., impulses or volitions) and dispositions (e.g., persistence, effort, 
desire; English & English, 1958). 
Conceptual understanding: One of the five strands of mathematical proficiency, it 
involves comprehension of mathematical concepts, operations, and relations (Kilpatrick 
et al., 2001).  By aligning this type of understanding with factual knowledge and 
procedural proficiency, students can become effective learners (NCTM, 2000). 
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Constructivist Learning Theory: A theory based on the tenets that students move 
from experience to knowledge by constructing their own meaning and building new 
learning from prior knowledge.  Learning in this sense is defined as an active experience 
in that what is to be learned depends on the abilities each learner brings to a given 
situation (Cobb, 1994; Cobb & Yackel, 1996).   
Emotions: High-energy states of mind that give rise to feelings. 
Instrumental understanding: A mechanical or rote understanding that is usually 
based on merely memorizing formulas or recognizing which “rules” to apply, but not 
understanding the reasoning behind the rules that make them work (Skemp, 1977, 2006). 
Master, Servant, Partner, Extension-of-Self Framework (MSPE): A framework 
based on a given technology’s role (Master, Servant, Partner, Extension-of-Self) in 
students’ mathematical activities and interactions with the technology (Goos, Galbraith, 
Renshaw, & Geiger, 2000).  (Individual framework roles are defined in Chapter 2). 
Mathematics with Applications: The Mathematics with Applications course, used 
as the research site for this study is a course designed primarily for freshmen students and 
involves mathematical concepts frequently applied in the management, social, and natural 
sciences.  The course consists of topics such as systems of linear equations and linear 
programming, basic statistics, financial mathematics and functions (linear, exponential, 
and quadratic).  The financial mathematics and functions component of the course are the 
mathematical concepts utilized in this study.   
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Productive disposition: The habitual inclination to see mathematics as sensible, 
useful, and worthwhile, coupled with a belief in diligence and one’s own efficacy 
(Kilpatrick et al., 2001).   
Relational understanding: A more meaningful learning (when compared to 
instrumental understanding) in which the process involved in obtaining a solution to a 
problem is understood.  This type of understanding allows a student to establish links and 
relationships between mathematical ideas (Skemp, 1977, 2006).  
Sense making: Developing understanding of a situation, context, or concept by 
connecting it with existing knowledge (NCTM, 2009).  
Social Constructivist Learning Theory: A learning theory in which the main 
underlying principle is the emphasis placed on the social context of learning.  Learning is 
viewed as a social process in which the mental processes people use to make sense of 
information are shaped through social interactions and cultural beliefs (Young & Collin, 
2004).   
Sociocultural Learning Theory: A theory similar to the Social Constructivist 
Learning Theory and largely attributed to Lev Vygotsky based on a position that 
intellectual development originates in social interaction (Gadanidis & Geiger, 2010). 
Structure of the Observed Learning Outcomes Taxonomy (SOLO):  A taxonomy 
used to describe the five stages or levels (Prestructural, Unistructural, Multistructural, 
Relational, and Extended Abstract) of increasing complexity in students’ understanding 
of a mathematical concept (Biggs & Collis, 1982).  (The individual stages are defined in 
Chapter 2.) 
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Summary of Chapter 1 
“Positive attitudes are important, but positive attitudes without an adequate 
understanding of mathematics will not prepare students to live successfully in a 
technological world.  Both knowledge and positive attitudes are essential; one without the 
other is insufficient” (Reyes, 1984, p. 558-559).  If these positive attitudes toward 
mathematics have not already been instilled by the time students enter college, is there 
still hope for these non-mathematics major students in undergraduate mathematics 
classes?  If students are continually faced with learning (or relearning) mathematical 
concepts such as functions and financial mathematics in ways that have historically been 
ineffective for presenting these concepts, can educators expect different results not only 
in mathematics achievement, but also in students’ attitudes toward the mathematics?   
This study was designed to employ both a quantitative and a qualitative analysis 
of data to assess students’ attitudes toward mathematics within a spreadsheet-based 
learning environment.  Initial attitudes (e.g., Self-confidence, Value, Enjoyment, and 
Motivation), attitudes at the end of the instructional unit, and the change in attitude scores 
were measured both quantitatively and qualitatively.  A main goal of this sequential 
explanatory (Creswell, Plano Clark, Gutmann, & Hanson, 2003) mixed methods research 
study was to add to the limited body of knowledge that exists in the literature pertaining 
to students’ attitudes toward mathematics within the spreadsheet-learning environment.  
Creswell et al. describe a sequential explanatory study as one in which the researcher 
begins by conducting a quantitative phase and follows up on specific results with a 
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second, qualitative phase.  This second follow-up phase (Morgan, 1998) is used for 
explaining the initial results in more depth.  
Chapter 1 introduced the problem statement and the rationale for the study—the 
need for undergraduate students to develop conceptual understandings and sense makings 
of mathematical concepts.  The spreadsheet is a technological tool currently used both 
inside and outside the classroom that may afford students the opportunity to develop 
these understandings and sense makings; this may in turn encourage students’ positive 
attitudes toward mathematics—specifically the attitudes pertaining to Self-confidence, 
Value, Enjoyment, and Motivation as measured on the ATMI.  Chapter 1 also introduced 
the research questions answered in this study, along with the frameworks utilized in the 
study.  
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CHAPTER II 
REVIEW OF RELATED LITERATURE  
“Viewing the literature as honoring the past to inform the present 
gives us the opportunity for it to affect the future”  
(Rocco & Plakhotnik, 2009, p. 128). 
 
Organization of the Chapter 
This chapter reviews the literature related to my research study and is divided into 
three main sections.  The first section begins with a general look at the different 
methodologies used in mathematics education research.  The main purpose of this study 
was to explore college students’ attitudes toward mathematics while utilizing the 
spreadsheet tool.  However, before discussing the limited studies specifically devoted to 
this phenomenon, the literature pertaining to the affective domain in general is 
summarized; the review of these studies and papers constitutes the second section in this 
chapter.  Within this section, studies that investigate students’ attitudes toward 
mathematics, predominantly at the secondary and college level, are examined, as well as 
the different instruments used to study and measure these attitudes.  This section also 
discusses the development of the Attitudes Toward Mathematics Inventory (ATMI), the 
first of the three frameworks used in this study.  The third and final section in this 
literature review begins with a general assessment of how technology has been used in 
the mathematics classroom, including how the use of technology relates to sociocultural 
underpinnings.  Literature involving the Master, Servant, Partner, Extension-of-Self 
Framework (MSPE), the second framework used in this study, is discussed, as are studies 
pertaining to the use of spreadsheets in the mathematics classroom.  This third section 
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also explores the literature based on students’ conceptual understandings and sense 
makings and how the Structure of the Observed Learning Outcomes Taxonomy (SOLO) 
has been used to assess these understandings.  The conclusion of this chapter reiterates 
the justification of the research study in light of the literature reviewed.   
An Overview of Research in Mathematics Education 
As in any research field, research in mathematics education takes place because 
someone has a question or an inquiry about relevant issues.  These issues may include, 
but are not limited to, best practices and teaching methods, teacher knowledge, learning 
methods, use of technology, student and teacher beliefs about and attitudes toward 
mathematics, cultural impact, and policy issues.  All research is conducted for two 
general purposes – either to fill a gap in the current literature, or to inform teaching 
practices.  In addition, valid research, whether it is based on a quantitative, qualitative, or 
mixed methods worldview, is centered on the research question being asked and the 
researcher’s ontological and epistemological beliefs.  The way a question is asked (and 
the paradigm used) determines what data will be collected, how the data will be analyzed 
and how the results are interpreted.  One’s theoretical underpinnings and chosen 
paradigm will also dictate the techniques used to ensure validity and reliability of the 
study.   
Qualitative Research in Mathematics Education 
Qualitative research, which has its roots in anthropology, philosophy and 
sociology, differs from quantitative research in the sense that it aims to gather more in-
depth information and understanding about a question or problem.  Qualitative research 
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focuses on the way people interpret and make sense of their experiences and the world in 
which they live.  The main components of qualitative research that set it apart from 
quantitative research include the researcher immersing him or herself into the setting of 
the subjects to be able to better understand the subjects’ perspectives.  A qualitative 
researcher use thick, rich descriptions (Lincoln & Guba, 1985) to describe, analyze and 
interpret their data – data that generally consists of words, not numbers.  In addition, 
where quantitative research methods include testing hypotheses based on theories, in 
qualitative research the theoretical framework is generally not predetermined but is 
derived from the data (e.g., grounded theory).  The methods of data collection and 
analysis in quantitative research simply answer the “What” or the “Does it?” part of the 
question while the qualitative components answer the “Why” or the “How?” questions.  
Some of the main methods for collecting qualitative data include ethnographic and 
phenomenological studies, case studies (which may also be quantitative), observations, 
and interviews.   
Qualitative research in mathematics education tends to be the prevalent model in 
mathematics education and is focused on “how” students learn and make meanings of the 
mathematics; whereas from the positivist point of view, the focus is on “did” students 
learn the mathematics?  In qualitative research, the constructivist researcher is 
acknowledging the fact that students will construct mathematics and have different 
perceptions of their experiences and situations.  “How are students’ attitudes changed due 
to their thinking about mathematics, or doing mathematics, in this way?  How does a 
belief about mathematics impede or enhance the learning?”  Students bring with them 
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different experiences (e.g., previous mathematical knowledge, cultural experiences, and 
beliefs about mathematics) that affect the way any knowledge, including mathematics 
knowledge, is constructed.  Each experience, both inside and outside of the classroom, 
can be unique for each student.  Qualitative research methods allow the researcher to be 
involved personally with the subjects of a study and offer a better understanding of how 
students construct their own knowledge and learn mathematics in a meaningful way.   
Quantitative Research in Mathematics Education 
In contrast to qualitative research, quantitative research is conducted in a more 
objective manner, usually from a positivist point of view with the researcher being 
separate from the data collection and analysis and not as involved with his or her subjects 
as in the case of qualitative research.  However, many argue against the use of 
quantitative randomized experiments to evaluate teaching methods, believing it to be 
unethical to assign students to various treatments (Cook, 2002).   
Even though qualitative research allows a researcher to understand how students 
might change their ways of thinking mathematically, or their beliefs about and attitudes 
toward mathematics, there exists the need for quantitative research for policymakers to 
make informed decisions, especially when it comes to schools and the education of our 
students.  Research serves different purposes for different groups of people (Cobb, 2007).  
Thus, mathematics educators and researchers need to do their best to straddle the fence 
between these two approaches; researchers need to be compliant with the expectation of 
federal funding agencies while at the same time addressing the educational needs of their 
individual students. 
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In the 1970s and 1980s, the majority of the research on student attitudes toward 
mathematics was conducted through a quantitative lens (Aiken, 1972; Fennema-Sherman, 
1976; Sandman, 1980), using Likert-type surveys to generate numerical values on pre-
surveys and post-surveys and determining if a significant difference in student attitudes 
toward mathematics existed.  In addition, quantitative achievement measures were also 
used to determine the effect that different learning situations had on attitudes toward 
mathematics.  In the 1980s and 1990s with the recommendation of adding more problem 
solving into the existing curriculum (NCTM, 1980, 1989), research became focused on 
students’ beliefs about and attitudes toward mathematics and the effect these 
mathematical beliefs and attitudes had on the problem-solving process (McLeod, 1989; 
Schoenfeld, 1985, 1989; Garofalo, 1989a; Hart, 1989).  At this time, McLeod (1992) 
suggested the use of a constructivist approach to help analyze how attitudes develop and 
make the connection between research on students’ attitudes toward mathematics and 
theories of learning.  It was also during this time when McLeod (1992) argued for the 
importance of using a combination of qualitative and quantitative research methods.  “If 
researchers are to make progress in building theory and gathering relevant data about the 
role of the affective domain in the learning and teaching of mathematics, they need to 
provide data on a wide range of issues.  Some of these issues (for example, beliefs and 
attitudes) can be analyzed through the use of traditional quantitative techniques, but 
qualitative data will add substantially to the completeness of our understanding of these 
issues” (p. 588).  
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Combining Qualitative and Quantitative Research in Mathematics Education 
There remains an ongoing debate between researcher over the quantitative and 
qualitative methodologies.  This paradigm debate period (also referred to as the paradigm 
wars) developed during the 1970s and 1980s.  Both approaches to research (quantitative 
and qualitative) criticized the proponents from the other paradigm and their methods of 
the study, the rigor of procedures, and the validity of outcomes.  Tashakkori and Teddlie 
(2003) purport that the evolution of mixed methods research was a result of these 
controversies and is a pragmatic way of using the strengths of both quantitative and 
qualitative methodologies.  For example, a researcher using a quantitative instrument 
(e.g., Likert Scale) to gather data on student attitudes from a larger population of students 
may also select a sub-sample from the surveyed population in which to use qualitative 
methods (e.g., interviews, journals, observations).  This would allow the researcher to 
investigate further a student’s selection of a low value on the attitudinal scale (e.g., 
“enjoys mathematics”).  The number on the scale does not tell the researcher “why” this 
student may not enjoy mathematics; however, an interview with the student or observing 
the student working through a problem may give the researcher further insight into the 
student’s perception regarding this attitude toward mathematics.  This investigation of the 
student’s viewpoint may possibly give the researcher insight into how this attitude relates 
to the student’s understanding of (or even caring about) a given problem or mathematical 
situation.  
Although a plethora of evolving definitions exist in the literature for “mixed 
methods,” Johnson, Onwuegbuzie, and Turner (2007) define mixed methods research as a 
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type of research that combines elements of quantitative and qualitative approaches (data 
collection, analysis, interpretation) for the purposes of a deeper understanding and 
corroboration.  In this definition, there is no separation of the worldviews of the two 
paradigms.  Many scholars view mixed methods research as “multiple ways of seeing and 
hearing” and consider this paradigm as an assessable approach to inquiry and sometimes 
the best way to answer a research question (Creswell & Plano Clark, 2011; Tashakkori & 
Teddlie, 2003). 
Whichever methodology is chosen for a study, whether it is qualitative, 
quantitative, or a combination of both depends on the research questions and the best way 
to answer these questions as honestly and ethically as possible.  Research in mathematics 
education should not only serve as a catalyst for change or as an affirmation of a current 
practice, but it should also keep in mind the ongoing relationship between the problem 
addressed, the theory, and the actual practices (Schoenfeld, 2007).  Regardless of the 
method selected, the goals of research remain unchanged; the research is intended to 
inform current teaching practices, or fill a void in the literature.  As is evidenced in the 
following sections of this literature review, there exists a scarcity of tertiary-level 
attitudinal research studies conducted using a mixed methods approach. 
The Affective Domain  
Historically, research has classified mental processes into three modes: cognitive, 
conative (or volition), and affective.  English and English (1958) define cognitive mental 
functions as processes (perceiving, recognizing, conceiving, judging, and reasoning) 
where an organism obtains knowledge of an object.  The second mental process, 
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conative, involves conscious tendencies to act (e.g., impulses or volitions).  This mental 
function contains one’s disposition toward mathematics (e.g., persistence, effort, desire).  
In the National Research Council’s Adding it up: Helping children learn mathematics, 
Kilpatrick et al. (2001) define one’s productive disposition toward mathematics as “the 
habitual inclination to see mathematics as sensible, useful, and worthwhile, coupled with 
a belief in diligence and one’s own efficacy” (p. 5).  The first Standard for Mathematical 
Practice in the CCSSM (CCSSO & NGA, 2010), “Make sense of problems and persevere 
in solving them” (p. 6), also addresses student disposition.  Finally yet importantly, the 
affective domain, the third mental process defined by English and English, involves 
feelings, attitudes, emotions, or a feeling response toward a particular object or idea; it is 
the general reaction to something liked or disliked.  This affective domain includes 
students’ attitudes toward mathematics.  
There exists a lack of theoretical frameworks involving attitudinal studies.  Zan 
and Di Martino (2007) contends the reason for this paucity of frameworks may be in part 
due to the fact that a large portion of studies about attitude does not even provide a clear 
definition of the construct itself.  Kulm (1980) suggests that “It is probably not possible 
to offer a definition of attitude toward mathematics that would be suitable for all 
situations, and even if one were agreed on, it would probably be too general to be useful” 
(p. 358).  In addition, Leder and Forgasz (2002) claim that some researchers 
unfortunately use the term “belief” synonymously with terms such as attitude, 
disposition, perception, opinion, and value.  
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For the purpose of this present research study, the following definitions and their 
relation to mathematic education were used.  McLeod (1989) defines beliefs as the mental 
acceptance of and conviction in the truth, actuality, or validity of something (p. 246).  
Most of the past research done regarding beliefs about mathematics has been focused on 
mathematical problem solving.  Two independent studies conducted by Schoenfield and 
Silver (1985) indicate that students’ beliefs about mathematics may weaken their ability 
to solve non-routine problems.  Students who believe solutions to mathematics problems 
should always be found in five minutes or less may be unwilling to persevere in trying to 
solve a problem that typically takes longer (as cited in McLeod, 1989).  Emotions are 
defined by McLeod (p. 250) as being high-energy states of mind that give rise to feelings.  
Beliefs are mainly cognitive in nature, and, when compared to emotions, build up slowly 
over time (they are more stable and take a longer time to develop) and are less intense 
than emotions.  Emotions are the opposite of beliefs; while they are not cognitive in 
nature, they are less stable than beliefs and “flare up” quickly.  Attitudes refer to the 
affective responses that involve positive or negative feelings of moderate intensity and 
reasonable stability (McLeod, 1992, p.581).  Attitudes are somewhere in the middle of 
beliefs and emotions in terms of their stability and intensity.  Even though attitudes, 
beliefs and emotions are interrelated, and sometimes inseparable in meaning, the focus of 
this study is on students’ attitudes toward mathematics, as defined previously—
specifically, the attitudinal factors of Self-confidence, Value, Enjoyment, and Motivation, 
as measured on the ATMI (Tapia & Marsh, 2004).   
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Beliefs and Attitudes Toward Mathematics 
While learning mathematics is a cognitive process, affect (attitudes, emotions, and 
beliefs) also plays an important part in a student’s mathematical learning environment.  A 
positive attitude toward mathematics is an important educational outcome, regardless of 
achievement level (McLeod, 1989; Reyes, 1984).  Students’ past beliefs, successes, 
failures, and attitudes may influence how much effort and time they are willing to put 
into learning specific topics and how useful they may find these topics.  Hannula (2002) 
explains that one’s beliefs about mathematics learning affect one’s attitudes toward 
mathematics.  Beliefs that are held by students determine their attitude formation and 
ensuing behavior toward mathematics.  
During the mid-1980s, researchers identified students’ beliefs as one of the crucial 
aspects that limited performance on complex mathematic tasks such as problem solving.  
Schoenfeld (1992) found that students believe all problems can be solved in ten minutes 
or less or they cannot be solved at all.  Garofalo (1989a) determined that students who 
believe learning mathematics is simply memorizing algorithms and formulas will 
approach mathematics in a very mechanical fashion.  These approaches to mathematics 
do not encourage students to try to understand or make sense of the mathematics they are 
expected to learn.  These same students typically believe that almost all problems can be 
solved by merely applying the facts and rules (especially if these fact and rules are shown 
to them by their teacher or textbook).  Additional student beliefs regarding mathematics 
include the following: 
1. Mathematics problems have one and only one right answer; 
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2. There is only one correct way to solve any mathematical problem; 
3. Mathematics is a solitary activity, done by individuals in isolation; 
4. The mathematics learned in school has nothing to do with the real world 
(Schoenfeld, p. 359). 
Students also unfortunately construct their beliefs based on the beliefs of others in 
their various cultures.  It is very hard to change the beliefs and attitudes of the 
mathematically frustrated female child who has always heard her mother say, “It’s OK; I 
was never very good at math and I’ve managed to get by.”  It is equally difficult to 
change the beliefs and attitudes of a freshman college student who has never had the 
opportunity to construct his or her own mathematical knowledge in previous high school 
mathematics classrooms.  Unfortunately, many of these beliefs go against the tenets of 
constructivist learning.   
Ashcraft and Kirk (2001) describe the common belief that because of “long-term 
avoidance of math, and their lesser mastery of the math that couldn't be avoided, high-
math-anxiety individuals are simply less competent at doing math” (p. 235).  The NCTM 
(2000) reports that students’ understandings of mathematics, their confidence in 
themselves as learners of mathematics, and their motivations to learn mathematics are all 
shaped by the teaching in the classroom.  This is not a new notion in mathematics 
education; over forty years ago, Neale (1969) claimed that attitudes toward or beliefs 
about mathematics were important objectives of instruction and that a positive attitude 
toward mathematics played an important role in causing students to learn mathematics.  
In addition, he states that, in the field of mathematics education, research on attitude has 
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long been inspired by the belief that “something called attitude plays a crucial role in 
learning mathematics” (p. 631).   
Even though the possible relationship between attitude and mathematics 
achievement is not a primary focus in this current study, it is interesting to note that Ma 
and Kishor (1997) also posit that the variable ‘attitude’ is one of the most potent factors 
relating to mathematics achievement.  In a different study, Ma and Xu (2004), determined 
that attitude has an effect on later attitude (both positive and negative attitude) and prior 
achievement has an effect on later achievement; the effect of prior achievement being the 
stronger of the two effects.  The results from this study indicate, at a statistically 
significant level, that prior achievement predicts later attitude for students in grades 7-12.  
However, prior attitudes of these students did not predict later achievement.  While these 
results indicate a uni-directional relationship between achievement in mathematics and 
attitudes toward mathematics, Schiefele and Csikszentmihalyi (1995) suggest a cyclic 
influence between achievement and attitude based on a study they conducted at the 
secondary level. “Although there is some disagreement about which variable possesses 
more weight, the majority of authors conclude that affect and achievement do influence 
one another” (p. 177).  
College Students’ Attitudes Toward Mathematics  
My research involved studying undergraduate students’ attitudes toward 
mathematics while working in a spreadsheet environment.  In addition, how students 
construct meaningful mathematics and develop their conceptual understandings of 
specific mathematics concepts (linear, exponential and quadratic functions; financial 
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mathematics) during these spreadsheet activities was also explored.  Literature reviewed 
for this study, and discussed in this chapter, suggest that students’ personal sense 
makings of mathematical concepts may assist in their development of conceptual 
understandings of these concepts.  Sense making, as defined by the NCTM (2009), is 
“developing understanding of a situation, context, or concept by connecting it with 
existing knowledge” (p. 4).  Students’ sense makings may aid in developing their 
conceptual understandings as well as in nurturing more positive attitudes toward 
mathematics.   
Students’ attitudes toward mathematics have been studied at length by many 
researchers; however, the majority of these studies have been conducted at the K-12 
level.  The paucity of studies conducted at the college level is one of the reasons for this 
current study.  Despite the importance of attitudes toward mathematics, methods to 
improve students’ attitudes toward mathematics, specifically in college mathematics for 
non-mathematics majors, have not been a focus for researchers (Hodges & Kim, 2013).   
At the tertiary level, the AMATYC recommends a continual search for strategies 
to address a variety of issues facing mathematics education.  One of these main issues is 
students’ “negative attitudes, perceptions, and anxiety towards mathematics” (AMATYC, 
2006, p. 6).  In their 2006 document Beyond Crossroads, the AMATYC agrees that the 
beliefs and attitudes students bring with them to the classroom play a major role in how 
these students learn mathematics (p. 23).  These attitudes toward mathematics can create 
either feelings of confidence or anxiety that may have a positive or negative effect on 
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mathematical behaviors (Schoenfeld, 1987).  This effect, whether it is beneficial or 
detrimental, impacts mathematics students of all ages.   
The AMATYC (2006) suggests different methods for overcoming negative 
attitudes and managing anxiety.  Of these four methods of strategies (approach, 
avoidance, social support, and relaxation), the approach strategies have been shown to be 
the most beneficial to students.  The seven “approach” strategies that involve the active 
learning of mathematics include:  
1. Complete homework on time so as not to fall behind  
2. Maintain a regular study schedule and set aside extra study time before 
examinations  
3. Ask questions in class  
4. Talk with the instructor outside of class when concepts are unclear  
5. Form study groups with other students  
6. Visit a mathematics resource center or tutoring center for extra help 
7. Use supplemental resources, books, websites, or computer-based instruction 
(p. 24).   
College students’ negative attitudes and motivation to study typically carry over 
from high school.  In an investigation of students entering college, Walmsey (2000) 
likewise identifies three interventions that may improve these negative attitudes:   
1.  Provide extra support in terms of computers or tutors 
2.  Use student centered approaches in the classroom 
3.  Incorporate applications when teaching to emphasize relevance (p. 49) 
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An understanding of students’ attitudes toward mathematics is important in 
devising strategies for improving student success and achievement in mathematics at all 
levels (Stipek, Givvin, Salmon, & MacGyvers, 1998). 
In addition to the AMATYC’s (2006) suggestions for student management of 
anxiety and negative attitudes toward mathematics, the expectation is that students are to 
play an active role in their learning of mathematics.  Deitte and Howe (2003) claim that 
college students who are more motivated to take responsibility for their own 
mathematical learning tend to view the mathematics they are learning in the classroom as 
interesting and useful in their lives outside of the classroom; they are able to make the 
connection between different mathematical concepts in the classroom and also how these 
concepts relate to their everyday lives.  An informal teaching experiment conducted by 
Libman (2010) parallels Deitte and Howe’s findings.  In her college-level introductory 
statistics class, Libman establishes that students who practice descriptive statistics with 
real-life data are actively learning twice over.  When compared with students who simply 
used the “canned data” from the textbooks, the students using the real-life data were 
better able to formulate questions based on the data, and to organize and apply the studied 
material in a context that was real and significant for them.  Students using the real-life 
data were more motivated to learn the statistical concepts.  Conversely, Ma and Xu 
(2004) suggest that a lack of meaningful, real-life connections may result in students with 
poor attitudes toward mathematics in addition to low motivation toward mathematics.   
College-aged students bring their own sets of established attitudes into the 
mathematics classroom.  The AMATYC (2006) purports that to help overcome their 
54 
 
anxiety and negative attitudes toward mathematics, students at the college level need to 
understand that learning often involves effort, frustration, and struggle.  Furthermore, 
students need to realize the impact that mathematics anxieties and negative attitudes can 
have on their learning, and finally how to employ the variety of strategies previously 
mentioned to cope with and alleviate these anxieties and negative attitudes. 
CUPM (MAA, 2004) declares that college and university general education and 
introductory courses enroll almost twice as many students as all other mathematics 
courses combined (p. 27).  These introductory courses are challenging to teach because 
they serve students who come with a plethora of mathematical experiences, abilities, and 
negative attitudes toward mathematics.  The MAA speculates that these courses affect 
life-long perceptions of and attitudes toward mathematics for many students; the same 
students who are the country’s future citizens and workers.  For these various reasons, the 
general education and introductory courses should be viewed as an important part of the 
instructional program in the mathematical sciences.  Students at this level also need to 
develop persistence and skills in “exploration, conjecture, and generalization” (p. 15).  
They (as do mathematics students of all ages) need to believe that to be successful 
problem solvers, they must learn to be flexible in their choice of solution strategies and 
learn to be persistent in the face of repeated errors.  All students need to be comfortable 
with the notion of replacing the question “did I get the right answer?” with “does my 
solution make sense?”   
It appears, as students increase in age, there is a decline of positive beliefs and 
attitudes toward mathematics; the decline of these beliefs and attitudes usually occurs 
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prior to seventh grade (Wilkins & Ma, 2003).  These finding agree with McLeod (1992) 
and Middleton and Spanias (1999) who claim that, as early as middle school, students’ 
levels of enjoyment of mathematics decrease considerably.  Other researchers have 
reached this same conclusion.  In a study conducted in the United Kingdom, Edwards and 
Ruthven (2003) found a decline in the mathematics attitudes of Year 10 (14-15 years old) 
compared to the mathematics attitudes of the students when they were in Year 7 (11-12 
years old).  Similarly, Hallam and Deathe (2002) discovered a decline of mathematics 
self-concept between Year 9 (13-14 years old) and Year 10 (14-15 years old) students 
from the United Kingdom.  These same students also show a decline in their general and 
school self-concept between Year 9 and Year 10.  When surveying 1719 fifth-to-twelfth 
grade Portuguese students from a wide range of social and economic backgrounds, Mata, 
Monteiro, and Peixoto (2012) discovered that students’ attitudes toward mathematics 
become less positive as students proceeded through each school year; the girls showed a 
continuous decline in attitudes the further they progressed in school.  Mata et al. parallel 
their findings with results from studies explaining that attitudes toward learning can be 
related to motivation (Green, Liem, Martin, Colmar, Marsh, and McInerney, 2012), and 
that the decrease in attitudes toward mathematics can be associated with the overall 
decrease in intrinsic motivation that occurs during adolescence (Covington & Dray, 
2002). 
The results of the preceding studies agree with the findings from those obtained 
from the Wilkins and Ma (2003) study, however, results from a study conducted by 
Royster, Harris, and Schoeps (1999), suggest otherwise.  Royster et al. studied the 
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attitudes and dispositions of college students from a wide spectrum of college 
mathematics courses and across several variables including academic major, 
mathematical background, class, gender, course sequence, the reason for taking the 
course, and whether one was working toward teaching certification.  268 students 
participated in their initial Mathematics Disposition Survey, with the same survey 
administered at the end of the semester; 182 students participated in both surveys.  
Students' initial attitudes were assessed along with changes in their attitudes over the 
course of one semester.  The attitude items on the survey were selected from the Second 
International Mathematics Study (SIMS) and addressed students' beliefs and attitudes 
toward mathematics in the following aspects: 
1. mathematics in school 
2. mathematics as a process 
3. mathematics and myself, 
4. calculators 
  The results from the two Mathematics Disposition Surveys indicate a statistically 
significant improvement in disposition over the semester.  There was a correlation 
between the two surveys of 0.73 indicating that students who started with a more positive 
disposition tended to keep a more positive disposition and students who started with a 
more negative disposition tended to keep a more negative disposition.  These findings 
may parallel the results from Wilkins and Ma’s (2003) study in that the major decline in 
attitude toward mathematics appears to occur at a younger age than college.  However, in 
the Royster et al. study (1999), the change scores from the two surveys indicate 
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significant differences by gender and major.  Although, males had more experience with 
mathematics and a more positive disposition than females on the initial survey, female 
students indicate a greater positive change in their disposition at the end of the semester.  
Social Science and Humanities majors have significantly more negative dispositions than 
other majors do on the first survey with the most significant positive changes occurring in 
students in the mathematics courses for elementary school teachers.  The researchers 
suggested that the reason why the female students indicated a more positive disposition at 
the end of the semester was that there was more room for improvement in their 
dispositions.  Furthermore, most of the students in the mathematics for elementary 
teachers were female.  An additional surprising result is that students who were repeating 
a course did not exhibit attitudes that were significantly different from those taking the 
course for the first time. 
Frameworks and instruments used to measure attitudes toward 
mathematics.  This study is based on three issues: attitudes toward mathematics, the use 
of spreadsheet technology, and students’ conceptual understandings and sense makings of 
mathematical concepts.  Therefore, I found it prudent to implement three different 
frameworks for investigating these issues and answering the posed research questions.  
To answer research question 1, Does the use of a spreadsheet-based learning environment 
in an undergraduate Mathematics with Applications course affect students’ attitudes 
toward mathematics as measured on the Attitudes Toward Mathematics Inventory 
(ATMI)? and to guide the collection and analysis of the quantitative data, Tapia’s (1996) 
ATMI was used.  This framework measures the attitudinal variables of Self-confidence, 
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Value, Enjoyment of mathematics, and Motivation.  In addition, the framework guided 
the analysis of the qualitative data collected through the open-ended surveys, 
observations and interviews, and was used to answer research question 2b, How do 
students perceive the spreadsheet-based learning environment as contributing to their 
attitudes toward mathematics?  Specifically, how do students’ perceptions of their 
experiences support or challenge the quantitative ATMI results?  This question was also 
answered through analyzing the integrated quantitative and qualitative data collected 
regarding students’ attitudes toward mathematics.   
Research question 2a (How do students perceive the spreadsheet-based learning 
environment as contributing to their conceptual understandings and sense makings of the 
content?) as well as question 3 (How do students’ perceptions of their own mathematical 
efficacies align with those demonstrated during the spreadsheet problem solving 
activities?) were guided by the remaining two frameworks: The Master, Servant, Partner, 
Extension-of-Self Framework (MSPE; Goos, Galbraith, Renshaw, & Geiger, 2000; 
Appendix B), and Biggs and Collis’ (1982) Structure of the Observed Learning 
Outcomes Taxonomy (SOLO; Appendix C).  The development of these last two 
frameworks is described later in this chapter.   
The majority of instruments used to measure students’ attitudes toward 
mathematics, both historically and currently, are self-reporting, Likert-type surveys.  
These surveys are typically used to generate numerical values on pre-surveys and post-
surveys that are then analyzed to determine if a significant difference in student attitudes 
toward mathematics exists.  Examples of these quantitative instruments include: 
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Mathematics Attitude Scale (MAS; Aiken, 1972); Fennema-Sherman Mathematics 
Attitude Scale (FSMAS; Fennema & Sherman, 1976); Motivated Strategies For Learning 
Questionnaire (MSLQ; Pintrich, Smith, Garcia, & McKeachie, 1991); Math Anxiety 
Rating Scale (MARS; Richardson & Suinn, 1972); Mathematics Attitude Inventory 
(MAI; Sandman, 1980); and Attitudes Toward Mathematics Instrument (ATMI; Tapia, 
1996).  Table 1 provides a list of these more prominent quantitative instruments and 
includes the intended grade levels as well as the attitudinal factors the instruments are 
intended to measure.  This is by no means an exhaustive list of instruments.  However, 
for the purpose of this study, the focus is on those instruments validated for measuring 
students’ attitudes at the secondary and college levels.  
Upon further review of the literature, it appears that the seminal and most popular 
instrument for measuring students’ attitudes in the mathematics classroom is the 
Fennema-Sherman Mathematics Attitudes Scales (FSMAS) developed in 1976 by 
Elizabeth Fennema and Julia Sherman.  Surprisingly, this scale is still being used even in 
light of the fact that it is almost 40 years old.  The FSMAS consists of a group of nine 
instruments: (a) Attitude Toward Success in Mathematics Scale, (b) Mathematics as a 
Male Domain Scale, (c) and (d) Mother/Father Scale, (e) Teacher Scale, (f) Confidence in 
Learning Mathematics Scale, (g) Mathematics Anxiety Scale, (h) Effectance Motivation 
Scale in Mathematics, and (i) Mathematics Usefulness Scale (Fennema & Sherman, 
1976).  The reliability of the instruments is based on all scales that consist of 108 items 
and takes about 45 minutes to complete.  In addition to the fact that the FSMAS is an 
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Table 1  
Instruments Used to Measure Students' Attitudes Toward Mathematics 
 
Name of 
Instrument 
 
Year 
Developed 
 
Instrument 
Developer 
 
Grade 
Level 
 
Factor(s) 
Studied 
 
Mathematics 
Attitude 
Scale 
(MAS) 
 
1972 
 
Aiken 
 
Tertiary 
 
Enjoyment 
Value 
Math Anxiety 
Rating Scale 
(MARS) 
1972 
 
Richardson & 
Suinn 
Tertiary Anxiety 
Fennema-Sherman 
Mathematics 
Attitude Scale 
(FSMAS) 
1976 Fennema & 
Sherman 
Secondary Attitude, Self-
efficacy, 
Motivation, 
Anxiety 
Mathematics 
Attitude Inventory 
(MAI) 
1980 Sandman Middle & 
Secondary 
Perception of 
teacher, Anxiety, 
Value, Self-
concept, 
Enjoyment, 
Motivation 
Motivated 
Strategies for 
Learning 
Questionnaire 
(MSLQ) 
1991 Pintrich, Smith, 
Garcia, & 
McKeachie, 
Tertiary Motivation, 
Learning strategies 
Attitudes Toward 
Mathematics 
Instrument 
(ATMI) 
1996 Tapia Secondary & 
Tertiary 
Self-confidence, 
Value, Enjoyment, 
Motivation 
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older instrument, Mulhern and Rae (1998) identify only six factors, and suggest that the 
original scales might not gauge what they were intended to measure.  
During the initial review of the literature regarding students’ attitudes toward 
mathematics, I decided not to include an “attitude toward technology” component in the 
study.  Research supports the fact that students generally have a positive attitude toward 
the use of technology in the classroom (e.g., Lehto & Vacher, 2012; Nickell & Pinto, 
1986; Oetting, 1983).  In the 1986 study conducted by Nickell and Pinto, the Oetting’s 
(1993) Computer Attitudes Scale (CAS) was administered to 501 college students from 
five different higher education institutions.  The CAS, deemed to be a reliable and valid 
instrument, is a Likert-type scale devised to measure positive and negative attitudes 
toward computers in society.  The instrument contains statements such as “Computers 
make me uncomfortable because I don't understand them” and “Computers are a fast and 
efficient means of gaining information.”  The findings from this study support that 
college students completing the CAS appear to have a generally favorable attitude toward 
computers.  Oetting’s own investigation produced similar results.   
In a newer study, Pierce, Stacey, and Barkatsas (2007) found that most of the          
14-15 year old Australian students from all six schools surveyed agreed rather than 
disagreed that it was better to learn mathematics with technology.  This was one of the 
only instruments available that measured attitudes toward technology and attitudes 
toward learning mathematics with technology.  However, this instrument was not 
validated for college students and therefore was not appropriate to use for this current 
study.  Furthermore, the Master, Student, Partner, Extension-of-Self Framework (MSPE; 
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Goos, Gailbrath, Renshaw, & Gieger, 2000) that was used to qualitatively analyze data 
collected from this study’s open-ended survey questions, observations, and interviews 
also provided students’ perspectives toward the use of technology.  
Lehto and Vacher (2012) found similar results in their study that utilizes the 
Spreadsheets Across the Curriculum (SSAC) project.  SSAC is a project funded by the 
National Science Foundation (NSF) designed to build instructor resources that facilitate 
student learning of mathematics in context (Vacher & Lardner, 2010).  In their study, 
which implemented the SSAC plan, Lehto and Vacher state that the complaint most often 
heard from students was that they spent more time learning how to use Excel than they 
did learning the concepts presented in the modules.  The researchers queried if the 
learning curve for Excel was so great that it prevented students from learning the math 
and geology concepts.  “Was Excel getting in the way?” (p.1).   
To determine the effectiveness of using spreadsheets to teach the intended 
geology and mathematics concepts, Lehto and Vacher (2012) created two different 
module packets.  Each of the packets contained the same information; however, one of 
the modules instructed students to use Excel while the other module simply told the 
students to calculate the answer and left the methods of calculation up to the students.  
(All but one student used a calculator.)  The results of this study reveal no significant 
difference in the achievement level between the two groups.  In addition, the Excel group 
felt no more negative attitudes than did students in the non-Excel group about being able 
to apply the mathematics skills they had learned elsewhere.  The researchers suggested 
that the students in the Excel group may also have recognized the value of using Excel to 
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solve equations in other classes (or aspects of life) “which may have contributed to their 
positive outlook” (p. 18).  From this study, the authors gleaned that there were very few 
instances where the use of the spreadsheet to perform calculations had much of an effect 
on the level of learning.  This suggests that despite students’ initial complaints about the 
steep learning curve when using Excel for the first time; it does not appear to affect 
learning.   
The results of these previous studies helped to support the decision not to collect 
data regarding students’ attitudes toward the use of technology in the classroom.  Lim 
(2005), however, also surveyed undergraduate students’ and their ability to use 
spreadsheets across different subject areas.  His findings indicate that on a national level 
(and perhaps on an international level) students lack basic spreadsheet knowledge at the 
start of their first year of college.  Based on the mixed results from these studies, and the 
fact that the majority of this study’s participants were college freshman, I found it both 
sensible and beneficial for the study to include tutorials for students who may have 
needed this technological help.  These tutorials are discussed in Chapter 3. 
Attitudes Toward Mathematics Inventory (ATMI).  Tapia’s (1996) ATMI was 
utilized for this research study.  “This instrument may not be cited or used in follow-up 
studies as regularly as aforementioned scales, but it is innovative in that it incorporates 
Confidence (or Self-efficacy), Anxiety, and Value, as well as Enjoyment, Motivation, and 
Parent/teacher expectations” (Chamberlin, 2010, 174).  The original 49-item ATMI was 
validated at the secondary level with 545 secondary mathematics students from an 
American high school in Mexico City (Tapia, 1996; Tapia & Marsh, 2004).  The six 
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factors measured were: (a) Confidence, (b) Anxiety, (c) Value, (d) Enjoyment, (e) 
Motivation, and (f) Parent/teacher expectations.  The items were constructed using a           
5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree).  This initial 49-item 
instrument reported an alpha (reliability) of 0.96.  In an attempt to increase the alpha 
value, an item deletion process was performed in which items were deleted based on their 
item-to-total correlation.  Nine items had correlations lower than 0.50, and each of these 
items were deleted one at a time starting with the one with the lowest correlation.  After 
deleting these nine items, alpha rose to a value of 0.97, indicating a high degree of 
internal consistency for group analyses.  In addition, two of the original factors 
(confidence and anxiety) were combined, and the parent/teacher expectations factor was 
eliminated.   
At this point, all 40 items had item-to-total correlations above 0.50, with the 
highest being 0.82, suggesting that all survey items contributed significantly.  Having 
retained four factors, (Self-confidence, Value, Enjoyment, and Motivation), Cronbach 
alpha was calculated to estimate the internal consistency and reliability of the scores on 
the four individual subscales (factors).  Factor analysis determined alpha values of 0.95, 
0.89, 0.89, and 0.88 for the Self-confidence, Value, Enjoyment, and Motivation 
measures, respectively.  The Pearson correlation coefficient was used for test-retest 
reliability in a four-month follow-up of the 40-item inventory, administered to 64 
students who had previously taken the survey.  The coefficient for test-retest for the total 
scale was 0.89, and coefficients for the subscales were as follows: Self-confidence 0.88; 
Value 0.70; Enjoyment 0.84; and Motivation 0.78.  These data indicate the scores on the 
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inventory and the subscales are stable over time (Tapia & Marsh, 2004, p. 18).  These 
results also indicate that the ATMI is a reliable and valid instrument when used in its 
entirety, and that each of the four factors are also independently reliable and valid.  
The specific attitudes measured by Tapia and Marsh (2004) on the revised ATMI 
Inventory (ATMI) are Self-confidence, Value, Enjoyment, and Motivation.  Self-
confidence is defined as students’ confidence and self-concept of their performance in 
mathematics.  The second factor on the ATMI, Value, measures students’ beliefs of the 
usefulness, relevance, and worth of mathematics in their lives now and in the future.  The 
Enjoyment of mathematics category is used to measure the degree to which students 
enjoy working with mathematics and how much students enjoy mathematics classes in 
general.  Finally, Tapia’s Motivation factor measures students’ interest in mathematics 
and the desire to pursue further studies in mathematics (Figure 1). 
In 2005, Tapia and Marsh revalidated the ATMI at the college level with 134 
undergraduate students enrolled in mathematics classes at a state university in the 
Southeast.  71 subjects were male and 58 were female; five participants did not provide 
their gender.  Approximately 80% of the sample was Caucasian and 20% was African-
American.  The ages of the sample ranged from 17 to 34.  Confirmatory factor analysis 
determined the four-factor model previously identified for high school students would 
also hold for college students.  At the tertiary level, the analysis determined new alpha 
values of 0.96, 0.93, 0.88, and 0.87 for the Self-confidence, Value, Enjoyment, and 
Motivation, respectively.  Again, this result indicates the internal consistency and 
reliability of the scores on the four individual factors (Tapia & Marsh, 2005).   
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Figure 1. ATMI factor descriptions. Adapted from “An Instrument to Measure 
Mathematics Attitudes,” by M. Tapia and G. Marsh, III, 2004, Academic Exchange 
Quarterly, 8(2), p. 17.  
 
 
The time needed for students to take this survey is only 10 to 20 minutes, and, in 
my opinion, the attitudinal factors it measures (Self-confidence, Value, Enjoyment, and 
Motivation) encompass the crux of attitudes college students bring with them into the 
mathematics classroom.  Chamberlin (2010) states, “It appears to be the case that the 
mathematics education community has not engaged this instrument to the extent that it 
has other similar instruments and its long lasting effect may yet be realized” (p. 174).  
The specific research studies utilized by Tapia when establishing the Self-
confidence factor on the ATMI included: Factors Affecting Mathematics Achievement in 
High-Risk College Students (Goolsby, 1988); Gender, Mathematics, and Science (Linn & 
Hyde, 1989), a meta-analysis involving gender differences in cognitive, psychosocial, 
and physical tasks; Role of the Mathematics Self-Efficacy in the Structural Model of 
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Mathematics Achievement (Randhawa, Beamer, & Lundberg, 1993), involving high 
school mathematics students; Mathematics Anxiety: A Study of Minority Students in an 
Open Admissions Setting (Hauge, 1991); and Gender Differences in Attitudes and 
Attitude Changes Among Mathematically Talented Youth (Terwilliger & Titus, 1995) that 
surveyed 1167 applicants in The University of Minnesota Talented Youth Mathematics 
Program. (Recall that this first factor was created when combining the original individual 
Confidence and Anxiety factors.)   
The Value factor measured on the ATMI was based on data gathered from the 
1990 Longitudinal Study of American Youth.  The Enjoyment factor resulted from the 
following research study results: Reciprocal Relationships between Attitude Toward 
Mathematics and Achievement (Ma, 1997) in which a national sample of 1200 high 
school students were randomly selected from the Dominican Republic, and Attitudes 
toward Mathematics: Relationships to Mathematics Achievement, Gender, Mathematics 
Course-Taking Plans, and Career Interests (Thorndike-Christ, 1991).  Finally, the 
Motivation factor was also obtained using the results from the Thorndike-Christ study 
along with the findings from Mathematics and Science Achievement: Effects of 
Motivation, Interest, and Academic Engagement (Singh et al., 2002), in which the effects 
of motivation, attitude, and academic engagement on 8th-grade students' mathematics 
and science achievement were examined.  
Technology in the Mathematics Classroom 
Documents such as the AMATYC’s (2006) Beyond Crossroads and the MAA’s 
(2004) CUPM support the use of technology in mathematics classes at the undergraduate 
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level.  These views parallel the CCSSM’s (CCSSO & NGA, 2010) focus on the use of 
technology to support a balanced combination of procedure and understanding in 
mathematics.  The literature is full of recommendations for the use of technology at the 
K-16 level.  However, there are still many teachers at these levels who do not incorporate 
technology into the curriculum.  The way that many teachers view the nature of 
mathematics makes them hesitant to incorporate it into their classroom (Fleener, 1995; 
Simmit, 1997).  Heid and Blume (2008) juxtapose these hesitations to what is known as 
the “Saber-Tooth Curriculum.”  The story portrays the method of catching fish by       
“fish-grabbing” even after new methods such as nets were available, and by “tiger-
scaring” with fire even after the tiger had become extinct.  There comes a time when a 
tool or technique is no longer valid and must be replaced with proven tools to make 
completing a given task more effective and efficient.  
While the focus of the CCSSM’s (CCSSO & NGA, 2010) Standards for 
Mathematical Practice is at the K-12 level, the MAA (2004) provides six fundamental 
recommendations in CUPM for the teaching of mathematics at the undergraduate level.  
Of the six recommendations, the fifth recommendation specifically addresses the use of 
technology:  “At every level of the curriculum, some courses should incorporate activities 
that will help all students progress in learning to use technology appropriately and 
effectively as a tool for solving problems and as an aid to understanding mathematical 
ideas” (p. 2).  
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Spreadsheets in the Mathematics Classroom 
The first electronic spreadsheet, VisiCalc, appeared in 1979 for the Apple II 
platform, and as early as 1984 educators were beginning to discuss their experiences with 
using spreadsheets in education (Baker & Sugden, 2007).  Spreadsheets were a way to 
alleviate the need of computer programming and allowed the user to simply enter 
functions to produce desired results. In comparing the cost and benefits of programming 
to spreadsheets, Relf and Almeida (1999) claim that using spreadsheets provides insights 
into the mathematical context without the distractions.   
There is continual debate between the use of ready-made educational applications 
and spreadsheets, Beare (1992), however, claims that spreadsheets promote more open-
ended investigations, problem-oriented activities, and active learning by students.  Baker 
and Sugden (2007) add that building spreadsheets requires abstract reasoning by the 
learner.  However, the goal of using spreadsheets in a mathematics classroom is not to 
teach the programming language but to use the technology as a tool to help understand a 
concept.  Spreadsheets can provide open-ended investigations, problem-oriented 
activities, and active learning for students (Beare, 1992) and can help students learn to 
pose problems and create explorations on their own (Ploger, Klinger, & Rooney, 1997).   
Additionally, in a paper written over 25 years ago, Hsiao (1985) claims that 
“while computers are clearly useful tools for education generally, one of the main 
disadvantages is in having to program them.  In many cases, (at least in 1985), students 
had to learn a programming language in order to benefit from computer; the use of 
spreadsheets helps to get around this problem” (as cited in Baker & Sugden, 2007, p. 2).  
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Steward (1994) agrees with this, stating that students not only find it easier and quicker to 
use a spreadsheet then to write a computer program, but that the computer program can 
often mask the mathematics that it is intended to represent.   
Spreadsheets build an ideal bridge between arithmetic and algebra and allow the 
student free movement between the two worlds.  Students look for patterns, 
construct algebraic expressions, generalize concepts, justify conjectures, and 
establish the equivalence of two models as intrinsic and meaningful needs rather 
than as arbitrary requirements posed by the teacher. (Friedlander, 1998, p. 383)  
One of the reasons mathematics students of all ages struggle with mathematics concepts 
is because the students fail to see the relevancy of these topics as they are currently 
taught; they are unable to make the connection of how the concepts learned in the 
classroom relate to their everyday lives (Abramovich, 2003).  Abramovich believes 
learning concepts in context and connecting them through applications can help students 
construct their own meanings grounded in real-life experiences.  An instructional 
approach utilizing activities has potential to create these types of learning environments 
that allow discovery of such concepts.  “From a pedagogical perspective, a numerical 
approach to mathematics, made possible by the use of technology, can encourage 
learners’ engagement in experimentation and observation” (Abramovich, 2011).  Using 
spreadsheets in the mathematics classroom is one way to accomplish this.  Ganter and 
Barker (2004) indicate that spreadsheet technology has become a useful tool for teaching 
mathematics concepts to students, as it is believed that it engages the students better and 
builds skills for their future. 
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One of the main advantages of using the spreadsheet as a tool in the mathematics 
classroom is the ability of the spreadsheet to promote problem-solving skills by helping 
to answer students’ “what if” questions (Abramovich & Nabors, 1998).  Values in the 
worksheet are automatically recalculated when changes are made by the student, thus 
saving the student from laborious paper-and-pen calculations and allowing immediate 
visualization of the changes to these numbers.  The spreadsheet user can make 
predictions and “play” with different values and immediately update results, allowing the 
possibility to answer proposed “what if” questions quickly and easily.   
In selecting literature to review for this research study, the intention was to find 
results of research studies utilizing the spreadsheet tool for different mathematical 
concepts at various grade levels.  While there exists a profusion of articles offering 
different spreadsheet lessons and activities at various levels, the majority of research in 
this area has been conducted with elementary-aged students.  Ploger et al. (1997) 
investigated 5th grade students’ use of spreadsheets to enhance algebraic thinking and 
explore patterns.  Students were encouraged to use “what if” thinking to develop their 
problem-solving skills while using the activities.  Examples include the “Doubling 
Pennies” task in which one has the choice of receiving $1000 per day for a month or a 
penny the first day, two pennies the second day, four the third day, and so on, always 
doubling the previous day’s amount until the end of the month.  With the teacher’s help, 
students utilized the spreadsheet to determine the total amount of money accumulated 
using both choices.  This same task is one often used in my Mathematics with 
Applications course and is a good introduction to linear and exponential functions.  The 
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students in the Ploger et al. study also explored powers of different numbers and used the 
spreadsheet to investigate the Fibonacci numbers.  Even though this age level may be too 
young to understand the formal definition of a recursive function, using the spreadsheet 
allows students to intuitively see that each “next term” of the sequence is defined by a 
previous term.  “This recursive process explains, basically, the way computer 
spreadsheets work and is a powerful way of thinking mathematically” (p. 237).  The 
researchers conclude that students generated many powerful “what if” questions, and they 
gained increasing skills in the art of problem solving.  These finding support Sugden’s 
(2007) statement that spreadsheets offer a very rich environment for the investigation of 
sequences, since many sequences are most naturally defined recursively.  Algorithms that 
are recursive (a procedure that can repeat itself indefinitely) or iterative (a procedure that 
uses an initial guess to generate successive approximations to a solution) can be 
implemented easily and naturally with the spreadsheet tool (Arganbright, 1985; Masalski, 
1990).   
Similarly, the ability of the spreadsheet to analyze parameters, such as the slope 
and y-intercept of a linear equation, and to quickly update any data that are dependent on 
these changes, makes it easy for students to perform mathematical computations with just 
a few clicks.  Using the spreadsheet in this fashion allows students to experiment with 
different values and computations to determine which choice is more applicable in a 
given situation and for a given type of problem.  Examining these different alternatives to 
a solution is a valuable approach to engaging higher-order thinking (Sounderpandian, 
73 
 
1989), and is paramount in the creation of the tasks and lessons that were used for this 
study. 
Utilizing the power of the spreadsheet technology also enables students to off load 
the tedious mathematical calculations and focus more on the problem solving and critical 
thinking required.  When the cognitive load is decreased in this manner, students are able 
to reflect deeper on the mathematics involved (Kaput, 1992).  A study conducted by 
Kaput (1987), determined that students learning about functions with the use of graphing 
calculators understood the concept better than their counterparts using no technology.  He 
asserted this was due to the “off-loading” of routine tasks allowing the students more 
time for deeper reflection.  What is done with the technology (and not the tool itself) 
affords students with these opportunities (Heid & Blume, 2008).   
Kaput (1989; 1992) also purports the use of technology, in this case the 
spreadsheet, for viewing different representations of functions.  These representations 
include algebraic, numerical (or tabular) and graphical.  Kaput claims the use of multiple 
representations has the potential to make learning more meaningful and effective, 
allowing learners to combine understanding from different representations in such a way 
as to build a deeper conceptual understanding of the concepts.  When a table value is 
altered and students see an immediate change to a graph, a powerful method of imagining 
the relationship between the two is created (Calder, 2010).  Similarly, the usefulness of 
numerical ideas is enhanced when students encounter and use multiple representations for 
the same concept, allowing students to better explore these abstract concepts (Kilpatrick 
et al. (2001). 
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The goal of Alagic and Palenz’s (2006) study with middle school mathematics 
teachers was to explore the development of their conceptual understandings and sense 
makings through multiple representations with the spreadsheet; specifically, how the 
spreadsheet could be used to deepen teachers’ understandings of linear and exponential 
growth.  This study was carried out during the implementation of BRIDGES: Connecting 
Mathematics Teaching, Learning and Applications, a project supported by No Child Left 
Behind funds.  The linear and exponential growth activities used by the teachers during 
the project were also used with their middle school classes during the school year.  
Participants were provided with three different scenarios and asked to create models, 
either linear or exponential, as they thought appropriate.  Spreadsheets and graphing 
calculators were used to simulate their models using both numerical and graphical 
representations.  This allowed the participants to make corrections to their previous 
conjectures, if necessary.  Using the given scenarios and technology in this manner 
allowed the teacher participants to recognize the differences between the linear and 
exponential graphs and models.  The technology provided the participants (a) visual and 
graphical multiple representations, and (b) meaningful explorations of a variety of cases 
in a smaller amount of time than if standard (paper-and-pencil) representations had been 
used (p. 646).   
The spreadsheet used as both a computational and mental device as it was in the 
Alagic and Palenz (2006) study is what Jonassen (1992) refers to as a cognitive tool.  
Similarly, Pea (1987) defines a cognitive technology as any device or medium that helps 
transcend the limitations of the mind in learning, thinking, and problem-solving activities.  
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Cognitive tools, and learning with the technology, not only make it easier for students to 
process information, but the tools also make “effective use of the mental efforts of the 
learner” (Jonassen, 1996, p. 10).  These tools give learners a visual way of representing 
their understanding of a new concept and how this concept relates to their existing 
understanding of the same idea – the tenets of constructivist learning.  Relating concepts 
in this manner allows students to create their own understanding of new concepts.  “Well-
selected representations can provide an access point for students’ deeper understanding of 
mathematical phenomena” (Alagic & Palenz, p. 636).  
Many students, however, have difficulty connecting these different 
representations of the same concept (Leinhardt, Zaslavsky, & Stein, 1990).  For example, 
to make the connections between the verbal, numerical (or tabular), graphical, and 
algebraic representations of an exponential function, it may be necessary for students to 
view all of these representations simultaneously.  In addition, sometimes these 
representations must be viewed dynamically for a meaningful understanding to develop. 
Allowing students to explore mathematical concepts with the different possible 
representations available helps to build their conceptual understandings and sense 
makings of the idea (Alagic, 2003; Greeno & Hall, 1997).  With similar reasoning, Cox 
and Brna (1995) note that if a student can assimilate information from different 
representations then they often acquire a deeper understanding of the concept.   
These representations also allow students to communicate mathematical 
understanding to themselves and others; they allow students to recognize connections 
among related concepts and apply mathematics to realistic problems (NCTM, 2000).  In 
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other words, these representations help students make sense of the mathematical 
concepts.  The AMATYC’s (2006) Beyond Crossroads contains the original seven 
Standards for Intellectual Development (Problem solving, Modeling, Reasoning, 
Connecting with other disciplines, Communicating, Using technology, and Developing 
mathematical power)  that were presented in their 1995 document, Crossroads in 
Mathematics: Standards for Introductory College Mathematics Before Calculus.  A new 
standard was added in the 2006 document –Linking multiple representations.  This 
standard emphasizes that students will select, use, and translate among mathematical 
representations (numerical, graphical, symbolic, and verbal) to organize information and 
solve problems using a variety of techniques (p. 5).  “Students need opportunities to 
construct, refine, and use their own representations as tools to support their learning and 
doing mathematics for conceptual understanding (Alagic, 2003, p. 389). 
Demana and Waits (1990) suggest that the use of technology is an effective way 
to allow students to operate both within and between these different representations. 
Teachers can use visual representations generated with technology to engage student 
discourse around mathematical concepts.  Purposefully-designed representations can be 
used to promote perturbations in students’ thinking.  Calder (2010) refers to this use of 
visual images as “visual perturbances” (p. 98); a gap between the expected visual output 
and the actual visual output.  It is this visual perturbation that can either evoke, or 
alternatively scaffold, further reflection that might lead to the reshaping of the learner’s 
understanding and sense making of the mathematical content.  In Calder’s study with 10-
year old students, he found mathematical discussions were stimulated when these 
77 
 
unexpected visual outputs were revealed using a spreadsheet activity; the students began 
to suggest explanations and pose informal conjectures.  In addition, the unexpected visual 
outcomes produced by the activity provoked curiosity, which in the students’ view made 
the mathematics learning “more fun and interesting” (p. 15).  This enhanced the 
motivational aspects of working with the spreadsheet technology.   
NCTM (2000) claims that, while technology used appropriately and judiciously 
(Ball &Stacey, 2005) should not be a replacement for the mastery of concepts and skills, 
they do agree with the aforementioned researchers that technology should be used to 
enhance students’ learning of these concepts and skills.  Technology is essential in 
allowing students to view mathematical concepts using a variety of representations; to 
allow students to make connections between these concepts.  However, it is also 
imperative for students to make connections between the mathematical concepts they are 
learning in class and how these same concepts are applicable to their everyday lives.  
Mathematics becomes more meaningful to students of all ages when they can make a 
connection between what is learned in the classroom and their personal experiences.  
Students who are able to make this connection will also tend to view the mathematics 
they are learning as useful in their lives outside of the classroom.  In turn, students will 
also be more motivated to take responsibility for their own mathematical learning (Deitte 
& Howe, 2003).  This outlook both promotes motivation to learn the mathematics, and 
also instills positive attitudes toward mathematics in general.  This in turn enhances the 
learning experience for the students.  Children’s attitudes toward mathematics 
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unfortunately tend to become less positive as they get older, and often by the time they 
reach college, students’ attitudes have become negative (McLeod, 1992). 
Technology and Students’ Attitudes Toward Mathematics 
Many teachers believe that technological tools such as the spreadsheet not only 
make working with numbers more fun for students, but also increase students’ 
motivations to work with mathematics (Selker, 2005).  Students sometimes perceive 
mathematical concepts as boring, but spreadsheets can take these concepts to a graphical 
level, allowing students to better visualize the ideas and to develop a deeper appreciation 
of how the mathematical concepts are related to each other.   
A mixed methods study (Reed, Drijvers, & Kirschner, 2010) conducted with 521 
middle school mathematics students investigated the effects of student attitudes and 
behaviors on learning mathematics with computer tools.  A computer tool (internet 
applet) was used to help students develop the concept of function.  The two questions 
posed in the study were:  1) To what extent can improvements in understanding the 
concept of function be predicted from student attitudes toward mathematics and 
mathematical computer tools? and 2) What are the relationships between attitudes, 
behaviors (self-reported and observed), and learning outcomes (improvement in 
understanding and tool mastery) when using the mathematical computer tool?  The first 
question was answered by collecting data using a Likert-type scale to measure student 
attitudes and learning behaviors (e.g., purposeful, reflective) and written tests to measure 
understandings of the function concept (scores were based on correctness of answer and 
quality of reasoning).  The second question was answered by using both quantitative and 
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qualitative methods; numerical data from the Likert-type scale and test scores, and 
qualitative data from interviews and observations of a small sample of students from the 
larger population.  The two types of data were merged during analysis to determine if 
observed attitudes and learning behaviors were associated with self-reported values.   
The results of the study indicate that understandings of the concept of function 
can be predicted from student attitudes toward mathematics and mathematical computer 
tools (e.g., students with an initial positive attitude toward mathematics tended to score 
higher and have a better understanding of the function concept).  In addition, the 
qualitative results from the smaller sample indicated that positive attitudes toward 
mathematics are moderately to strongly associate with higher test scores and associated 
with higher exhibited levels of learning behaviors.  Interestingly, these associations found 
using the smaller sample were not replicated in the larger sample in which the data was 
self-reported.  The authors gave several reasons why the study may have concluded with 
conflicting results.  One of the implications of the study was to conduct further research 
using a reliable measure other than a self-reporting measure.  In addition, student 
attitudes have been found to be influenced by school and classroom factors.  The authors 
also suggest further research on the effects of school and classroom behavior in the 
context of learning mathematics with computer tools.  Using both quantitative and 
qualitative methods and analyzing the results together gave the researcher the ability to 
better understand student perceptions of their attitudes toward mathematics and the 
students’ learning processes for the function concept with the computer tool 
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Kebritchi, Hirumi, and Bai (2010), investigated the effects of mathematical 
computer games on mathematics achievement and motivation in an urban high school.  In 
addition to the effects of the computer games on achievement and motivation, the effects 
of prior knowledge, computer experience, and language background were also 
investigated.  This mixed methods study used a combination of instruments to collect 
data; quantitative data were collected by using Likert-type motivational pre- and         
post-surveys and pre- and post-school district-wide benchmark exams self-reporting 
surveys from the students.  The qualitative data were collected through interviews with 
the teachers.  “The quantitative instruments allowed the researchers to examine the effect 
of the games on a large number of students and therefore increase the possibility of 
generalization of the findings.  The interviews helped the researchers cross-validate the 
quantitative results and explore the cause of the game effects” (p. 430).  Quantitatively, 
the tests showed a significant difference in achievement but a non-significant difference 
in student motivation. Qualitatively, however, the teacher interviews suggested the games 
had positive effects on both students’ motivation and achievement.   
It was interesting that the different types of data collected from each of these two 
studies (Kebritchi et al., 2010; Reed et al., 2010) resulted in different findings based on 
the quantitative and qualitative analysis.  When contradictory results such as these occur, 
the researcher should present both conclusions based on each methodology 
(Onwuegbuzie & Johnson, 2006).   
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Spreadsheets and Students’ Attitudes Toward Mathematics  
Topcu (2011) quantitatively measured the effects of using spreadsheets on 
Turkish secondary students’ self-efficacy for algebra.  The purposeful tasks chosen for 
this study helped student to appreciate the utility of mathematics; this is similar to the 
“Value” attitude – one of the attitudes measured on the ATMI.  The study also introduced 
an instrument for measuring students’ self-efficacies for mathematics.  The self-efficacy 
factor, even though originally a single factor measured with the ATMI, is now included 
in the Self-confidence factor.  Topcu found that while there was a significant difference 
in the treatment group using the spreadsheet activities, the self-efficacy of medium 
performers was most affected by the treatment.  According to the author, the results of his 
study paralleled the results from Isiksala and Askar’s (2005) quantitative study that 
investigated the achievement and self-efficacy of 7th grade Turkish mathematics students 
when using spreadsheets.   
The findings from Hodges and Murphy’s (2009) study also agreed with the results 
obtained from Tapcu’s (2011) investigation.  Hodge and Murphy quantitatively analyzed 
learners' self-efficacy beliefs regarding learning mathematics in an asynchronous 
environment.  Their study took place at a large Southeastern university in which 99 
students participated.  The purpose of their study was to fill the gap in the literature 
relating to self-efficacy in an online mathematics environment.  In addition, the study 
sought to investigate the relative strength of the four self-efficacy beliefs (mastery 
experiences, vicarious experiences, social persuasion, and physiological/affective states) 
of students enrolled in a technology-intensive asynchronous college mathematics course.  
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Data was collected using three web-based survey tools —the Self-Efficacy for Learning 
Mathematics Asynchronously (SELMA) survey (created by the first researcher), a 
demographics survey, and the Sources of Mathematics Self-Efficacy (SMSE) scale (a 
valid and reliable instrument).   
Results indicate that, of the four SMSE subscales, only the vicarious and 
affective/physiological components are statistically significant predictors of self-efficacy 
to learn mathematics asynchronously.  In addition, a statistically significant relationship 
exists between the SMSE subscales and the SELMA scores.  Based on the findings of 
their study, Hodge and Murphy (2009) suggest that web-based courses should be 
designed to include elements that address the vicarious and affective/physiological 
components of self-efficacy. “Purposefully including these elements in the courses may 
enhance learner self-efficacy.  Enhanced self-efficacy, in turn, should have a positive 
effect on achievement” (p. 96). 
Although this next study reviewed is relatively old, I deemed it relevant based on 
the fact it not only involved the use of spreadsheets at the college level, it also measured 
students’ attitudes toward mathematics.  Hulse’s (1992) quasi-experimental study sought 
to answer the following main question:  Did the treatment procedure, use of an electronic 
spreadsheet, significantly affect the mathematics learning of the treatment group as 
opposed to the control group?  Three subsidiary questions included: (a) Did the treatment 
procedure significantly affect the numerical computation anxiety level of the treatment 
group?; (b) Did the control procedure significantly affect the numerical computation 
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anxiety level of the control group?; and (c) Did the treatment procedure significantly 
affect the computer anxiety level of the treatment group? 
In this quasi-experimental design, some of the classes were automatically 
assigned as the control groups as there were no available computers in these classrooms.  
25 students were used for the treatment group and 27 were used for the control group.  
Each class met for 55 minutes each weekday for 15 consecutive school days.  All 
students were administered the Intermediate Algebra Skills Test pretest to measure 
achievement, and the Mathematics Anxiety Rating Scale (MARS; to measure 
mathematics and computational anxiety) and Oetting’s Computer Anxiety Scale 
(COMPAS; to measure computer anxiety).   
The treatment consisted of 15 consecutive days of instruction with the use of a 
spreadsheet; the mathematics covered included solving systems of linear or non-linear 
equation in two or three variables as well as basic spreadsheet instruction.  The control 
group had the same mathematics coverage without the use of the spreadsheet.  At the end 
of the 15 days, all students were administered the three corresponding posttests to 
measure achievement and attitude.  The findings of this study indicated that the treatment 
procedure (instruction with the spreadsheets) had an effect on mathematics achievement 
that was significant, but no significant effect was observed for the three affective 
variables (mathematics anxiety, computational anxiety, and computer anxiety) for either 
group.  As this study was purely quantitative, there exists the need to conduct a similar 
study using both quantitative as well as qualitative measures.  
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Technology in the Sociocultural Classroom 
As previously discussed, technology facilitates students’ engagement in, 
conceptual understandings and sense makings of mathematical ideas, and plays a role in 
students’ investigating, observing, conjecturing, explaining and sharing of the processes 
used to arrive at this understanding.  From a sociocultural perspective, technologies used 
for these purposes can be viewed as “cultural tools that not only reorganize cognitive 
processes but also transform classroom social practices” (Goos, 2005, p. 39).   
The term scaffolding is usually attributed to Vygotsky, although it was Bruner 
who first introduced his Scaffolding Theory in the late 1950s to describe children's oral 
language acquisitions.  In general, scaffolding is the concept of an expert helping a 
novice.  Similar to a temporary framework used to support the new construction of a 
building, scaffolding is the helpful interactions between an adult or teacher (or someone 
else with more knowledge than the student) and a student (or the one who is learning).  
Eventually, as the student learns the new material, the “framework” can be removed.  
Vygotsky’s Zone of Proximal Development (ZPD) is this area where the student is using 
the support from the teacher to advance to the next level of knowledge.  According to 
Vygotsky, (1987), thinking and problem-solving skills can be placed in three 
categories—some skills can be performed independently by the student, other skills 
cannot be performed even with help from someone who knows how to do them, and in 
between these two extremes lay the skills the student can perform with the help from a 
knowledgeable other.  These intermediate skills, still yet to be performed successfully, 
are in the student’s ZPD.  
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Kutzler (2000) posits the notion of using technology as a form of scaffolding by 
using the following analogy.  The motion of walking is compared to the act of performing 
mental calculations, riding a bike as to performing calculations using paper and pencil, 
and finally, driving a car as performing calculator or computer computations.  In the 
event that an individual is not capable of walking even a short distance, using a wheel 
chair will aid in this endeavor.  This is analogous to students who may need to use 
technology to aid in calculations; a temporary scaffold others may not need.  In addition, 
Kutzler compares the teaching and learning of mathematics to that of building a house.  
Before the second story can built, the first one must be completed.  “Similarly, the 
treatment of almost any mathematical topic requires the mastery of earlier learned topics” 
(pp. 102-103).  Unfortunately, Kutzler claims that the curriculum does not allow a teacher 
to wait until all students are at the same mathematical level.  Therefore, while students 
learn the higher level skill, the technology solves the “sub-problems” that require the 
lower-level skill; the technology is a scaffolding above the incomplete story of the 
building. 
Technology also provides a type of scaffolding framework in the mathematics 
classroom by allowing students to deepen their understanding of a concept by making 
connections between past mathematical knowledge and experiences and new skills to be 
learned.  Scaffolding with technology also takes place as students make connections 
between different representations of concepts (e.g., number patterns, symbolic 
expressions, tables, graphs) and generalize their findings.  Alagic and Palenz (2006) 
declare that the use of technology can foster this “representational scaffolding of higher 
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levels of abstraction” (p. 394).  In addition, Goos et al. (2000) suggest that technologies 
such as graphing calculators and computers allow students more opportunities to analyze 
their mathematical thinking and to communicate their findings to others by using the 
objects generated on the screen as a starting point for discussions.  
The Master, Servant, Partner, Extension-of-Self Framework (MSPE)  
The second framework used for this study is the Master, Servant, Partner, 
Extension-of-Self Framework  (MSPE; Goos, Galbraith, Renshaw, & Geiger, 2000).  The 
MSPE Framework is underpinned by a sociocultural perspective in that it emphasizes 
both the role of students’ own activities and interactions and also the importance of 
digital technologies (also referred to as technological tools) in facilitating student 
learning (Goos, Gailbrath, Renshaw, & Gieger, 2000; Goos, Gailbrath, Renshaw, & 
Gieger, 2003).  When considering the use of digital technologies, Stahl (as cited in 
Geiger, 2009), argues for “the inseparability of cognitive activity from both the process 
of learning within the group and from the tools that help mediate the activity” (p. 202).  
This idea draws from the Vygotskian perspective of the sociocultural classroom and 
Pea’s (1993) description of the role of cognitive tools in distributed cognition (Geiger, 
2009).  The theory of distributed cognition was developed in the mid-1980s by Edwin 
Hutchins.  This theory maintains that knowledge lies within the learner and in the 
learner’s social and physical environment.  Pea also refers to this as distributed 
intelligence.  “Intelligence may also be distributed for use in designed artifacts as diverse 
as physical tools, representations such as diagrams, and computer-user interfaces to 
complex tasks” (Pea, 1993, p. 48).  Along these lines, the authors claim that productive 
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social interactions can take place in classrooms that make use of digital technologies that 
have not necessarily been designed for collaborative activity—in this case, the 
spreadsheet. 
In developing the MSPE over a three-year period, Goos et al. (2000) collected 
data from interviews, survey instruments, and video and audio-taped records (single 
classrooms and group of students) to gain a deeper understanding of participants’ 
perceptions of their actions.  Building on the work of other researchers (e.g., Doerr and 
Zangor, 2000; Guin and Trouche, 1999), the goal was to develop a framework that 
investigated “how and why students use technology to learn mathematics in specific 
classroom contexts, and how the roles of students and teachers might change when 
technology is integrated into the mathematics curriculum” (p. 76). 
Doerr and Zangor (2000) in their observation case study of two pre-calculus 
classrooms identified five roles of graphics calculator use (computational tool, 
transformational tool, data collection and analysis tool, visualizing tool, and checking 
tool).  Figure 2 describes each of the roles. 
Similarly, based on their study of 17 to 18 year-old French students, Guin and 
Trouche (1999) categorized their observations of students using graphic and symbolic 
calculators into profiles of behavior or work methods (random, mechanical, resourceful, 
rational, and theoretical) in order to understand how students transformed the 
technological tool that helped to reorganize their mathematical activity.  Figure 3 
describes the characteristics of each behavior. 
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Role of the Graphing Calculator Description of Student Actions 
Computational Tool 
 
Evaluating numerical expressions, estimating and 
rounding 
Transformational Tool Changing the nature of the task 
Data Collection and Analysis Tool 
 
Gathering data, controlling phenomena, finding 
patterns 
Visualizing Tool 
 
Finding symbolic functions, displaying data, 
interpreting data, solving equations 
Checking Tool Confirming conjectures, understanding multiple 
symbolic forms 
Figure 2. Roles of graphing calculator use. Adapted from “Creating Meaning for and 
with the Graphing Calculator,” by H. M. Doerr and R. Zangor, 2000, Educational Studies 
in Mathematics, 41, p. 151. 
 
 
Goos et al. (2000) developed the four levels in their MSPE (Master, Servant, 
Partner, Extension-of-Self) framework based on these five modes of graphics calculator 
use (Doerr & Zangor, 2000), the five behavior profiles (Guin & Trouche, 1999), and 
from the sociocultural perspective of learning.  The framework is intended to show how 
technology reorganizes interactions between human and technological tools and how 
these tools change the ways knowledge is produced, shared, and tested.  Their findings 
advocate the use of technology to assist discourse in both small group and whole class 
discussions, as well as how individuals interact with the technology during a given 
activity.   
The first category represented in the framework is Technology as Master.  The 
use of technology in this situation indicates a user’s subservient relationship with the 
technology due to one of three possible reasons.  A lack of competence with using the  
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Behavior Profiles 
(Methods of Work) 
Characteristics of Behavior 
Random  Similar student difficulties, tasks carried out by means of cut and paste 
strategies from previously memorized solutions or hastily generalized 
observations; weak student’s command process is revealed by trial and error 
procedures with very limited references to understanding tools and without 
verifying strategies of machine results. 
Mechanical  Information sources more or less restricted to the calculator investigations 
and simple manipulations; reasoning is based on the accumulation of 
consistent machine results. Student’s command process remains rather weak, 
with an avoidance of mathematical references. 
Resourceful  Exploration of all available information sources; reasoning is based on the 
comparison and the confrontation of this information with an average degree 
of student’s command process. This is revealed by an investigation of a wide 
range of imaginative solution strategies; sometimes observations prevail, 
other times theoretical results predominate. 
Rational  Reduced use of the calculator, mainly working within the traditional 
(paper/pencil) environment. The specificity of this behavior is a strong 
student’s command process with an important role played by inferences in 
reasoning. 
Theoretical  Use of mathematical reference as a systematic resource. Reasoning is 
essentially based on analogy and over-excessive interpretation of facts with 
average verifying procedures of machine results. 
Figure 3. Behavior profiles and characteristics of behaviors. Adapted from “The 
Complex Process of Converting Tools into Mathematical Instruments: The Case of 
Calculators,” by D. Guin & L. Trouche, 1999, International Journal of Computers in 
Mathematical Learning, 3, pp. 214-216. 
 
 
technology may restrict the student’s capacity to make progress with a task that required 
a specific facility (e.g., use of the matrix mode of a graphics calculator).  A second reason 
for viewing technology in this manner is because of the development of a dependence on 
the technology that replaces the need to understand mathematical processes (e.g., 
Buchberger’s [1989] “black box” approach of using a technology without understanding 
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the mathematical working of the tool).  Finally, Gieger (2009) states the input and output 
conventions (syntax) used by different types of technology may produce a negative 
influence on a student’s confidence in using the technology. 
Technology as Servant, the second category in MSPE, is identified when 
technology is used as a fast, reliable replacement for mental or pen and paper calculations 
(Geiger, 2009; Goos, Gailbrath, Renshaw, & Gieger, 2000).  The technology is used as a 
“supplementary tool that amplifies cognitive processes but is not used in creative ways to 
change the nature of the activities” (p. 78); it is only supporting the methods used for 
instruction (e.g., using a PowerPoint Presentation for the sole reason of presenting a 
lesson, using a SmartBoard strictly as an electronic chalkboard).   
The third framework category is Technology as Partner.  In this situation, 
students use technology to creatively explore a problem and view the problem from 
different perspectives (Gieger, 2009).  Within this category would be the use of 
technology to view different representations of a problem (e.g., using a spreadsheet or 
graphing calculator to view the different representations of a linear function).  Using 
technology in this manner also allows students to use a form of scaffolding to bridge a 
gap that may exist in their mathematical competencies (e.g., Gieger observed that 
students who were not strong users of algebra were able to investigate a problem through 
the use of a computer algebra system [CAS] by using it to display different 
representations of the problem).  For the purposes of this study, students using 
technology at this third MSPE category are those using appropriate tools strategically, as 
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defined by the fifth Standard for Mathematical Practice in the CCSSM (CCSSO & NGA, 
2010). 
Lastly, the Technology as Extension-of Self category encompasses the student 
who uses technology in a sophisticated and natural way to transform a task via 
technology in order to “explore conjectures that are the product of a student’s intuition” 
(Geiger, 2009, p. 205).  This type of exploring could not be accomplished without the use 
of technology.  Goos, Gailbrath, Renshaw, and Gieger (2003) refer to this autonomic use 
of technology as a “blurring of boundaries between mind and technology” (p. 80).  Figure 
4 shows the MSPE categories and descriptions, beginning with the lowest level, Master.   
  
Figure 4. MSPE category descriptions.  Adapted from “Reshaping Teacher and Student 
Roles in Technology-Enriched Classrooms,” by Goos, M., Galbraith, P., Renshaw, P., & 
Geiger, V., 2000, Mathematics Education Research Journal, 12(3), pp. 303-320.   
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The MSPE model is neither topic specific nor technology specific.  Although the 
four metaphors represent increasing levels of technological sophistication, this does not 
imply that a user will remain at any given level for all tasks.  Rather, the “demonstration 
of more sophisticated usage indicates the expansion of a technological repertoire where 
an individual has a wider range of modes of operation available to engage with a specific 
task” (Geiger, 2005, p. 370).  Goos et al. (2000) also note that the levels of sophistication 
are not necessarily tied to the level of mathematics taught or the sophistication or type of 
the technology available. In fact, “simple mathematics and basic technologies are 
sufficient to provide a context for highly creative teaching and learning” (p. 308). 
Conceptual Understanding and Sense Making 
Underhill (1988) advocates that students who view mathematics as a process, 
(rather than a product) are better able to construct a relational understanding of concepts 
and are intrinsically motivated because the knowledge they construct is their own.  
Students who are able to set aside their attempts to memorize everything and focus on 
understanding their thought processes can begin to appreciate and even enjoy the 
mathematical experience.  This relational understanding of the links and relationships that 
gives mathematics its structure aids in motivation (Skemp, 2006).  The NCTM’s 
Principles and Standards for School Mathematics (PPSM; NCTM, 2000) focuses on this 
conceptual understanding of mathematics by endorsing activities that promote reasoning 
and proof, problem solving, mathematical communication, and connections through the 
use of multiple representations and real-world applications.  However, these intended 
real-world connections may vary between students, based on individual differences such 
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as culture, ethnicity, gender, and age; different students will make sense of mathematics 
in different ways.   
The results from a study conducted by Mueller et al. (2011) indicate that 
elementary students’ personal sense makings of mathematical ideas led to intrinsic 
motivation and more positive attitudes toward mathematics (e.g., self-efficacy and 
mathematical autonomy).  This study involved sixth grade students from a low 
socioeconomic urban community who were working on mathematics tasks involving 
fractions.  Students were encouraged to build models using Cuisenaire Rods to represent 
fraction tasks.  One student within a small group of students was convinced that the 
numerator in a fraction could not be larger than the dominator of the fraction based on a 
rule he thought he remembered about improper fractions.  Through discussions within his 
group and working with the Rods, the student realized his “rule” didn’t make sense.  
When faced with discrepancy between the concrete model he built and the incorrect rule 
he had previously memorized, the student was able to make sense of the problem by 
building alternative models, sharing his ideas with members in his group and revising his 
original conjectures.  He “relied on reasoning, rather than memorized facts, to convince 
himself and others of what made sense” (p. 37).   
The results from the Mueller et al. (2011) study parallel the results found in an 
earlier study also conducted by Mueller et al.  This longitudinal study involved fourth and 
fifth grade students from a suburban school working on a combinatorics problem –the 
Tower Problem.  When one student in this study solved the problem correctly, she saw 
other students in the class had also obtained the correct answer, but had used different 
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methods to solve it.  The student’s autonomy motivated her to continue to work on the 
problem until she was convinced that her strategy made sense.  Both students in these two 
studies persisted in understanding why their solutions worked (or didn’t work) and 
insisted on reasoning about the problem; this led to their understanding and sense making 
of the mathematical task.  These researchers indicated that students who develop 
ownership of their ideas are more likely to engage in mathematical reasoning and, thus, 
are more apt to acquire a relational understanding of the concept.   
Francisco and Maher’s (2005) longitudinal study which, depending on the 
students involved, lasted anywhere from 3 to 18 years, echo the findings of Mueller et al. 
(2011).  Francisco and Maher also suggest students’ mathematical reasoning is promoted 
when students take ownership of mathematical ideas.  Ownership of mathematical 
activity means that “students’ mathematical ideas, representations, justifications and 
decisions are emphasized over those of teachers, researchers or other experts” (p. 367).  
Studies such as these imply that students who can make sense of and take ownership of 
mathematical concepts will not only develop mathematical reasoning, but also that their 
intrinsic motivation may lead to positive attitudes toward mathematics. 
The Structure of the Observed Learning Outcomes Taxonomy (SOLO) 
Biggs and Collis (1982) describe the Structure of the Observed Learning 
Outcomes Model (also referred to as the SOLO Taxonomy or simply SOLO) as a general 
model of intellectual development.  The purpose of this model is to evaluate the “quality 
of student output in a systematic way” (p. 12).  During the time of the framework 
development, the original Bloom’s Taxonomy (Bloom, Engelhart, Furst, Hill, & 
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Kratwohl, 1956, as cited in Biggs and Collis, p. 14) was widely used to describe how a 
student’s performance or response developed from simple to complex cognitive levels 
(knowledge, comprehension, application, analysis, synthesis, and evaluation).  Biggs and 
Collis’ intention, however, was to evaluate the quality of a student’s response to a 
particular item.  In addition, they sought to develop a framework that did not focus on 
specific stages of development (e.g., Piagetian), and in fact to claim that there are wide 
divergences in the stated ages of each of Piaget’s stages (preoperational, early concrete, 
middle concrete, concrete generalization, and formal operation).  The SOLO levels are 
“isomorphic to, but not identical” to, Piaget’s developmental stages (Biggs & Collis, 
1982, p. 26).  There are two main features in SOLO: modes of thinking and levels of 
response. 
The first key feature of the framework is the modes of thinking (ikonic, concrete-
symbolic, and formal).  The following are descriptions of the three modes and the typical 
age ranges in which the thinking first occurs: 
1. Ikonic (from two years) where the action is internalized in the form of images 
and language.  In adults, this leads to a form of knowledge referred to as 
intuitive thought. 
2. Concrete symbolic mode (from six or seven years) is thinking through written 
language and symbols to describe systems that have an internal logic.  
Transition to this mode from ikonic represents a major increase in abstraction. 
3. Formal mode (from 15 or 16 years) is where individuals seek to understand 
the relationship between concepts.  This represents a further increase in 
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abstraction and a reduced reliance on concrete referents (Pegg & Tall, 2005, p. 
242).   
SOLO “nests” each mode within the next mode, so there are increasingly more 
sophisticated modes available to the leaner (Pegg & Tall, 2005, p. 469).  This is similar to 
Bruner’s modes or stages.  Bruner proposes that a student goes through three different 
stages when learning a new concept—enactive (manipulative), iconic (pictures), and 
symbolic (abstract).  Bruner’s stages are similar to Piaget’s developmental stages in the 
sense that both are hierarchical; however, where Piaget argues that students’ development 
(and their possible entry in these linear stages) depends on their chronological age, 
Bruner reasons that students can use his cycle of stages at any age (Bruner, 1966).  The 
stages of both the Bruner and SOLO taxonomies develop successively in the learner, but 
then remain simultaneously available (Pegg & Tall, 2005).   
The second significant feature of SOLO, which is pertinent to this current study, 
is the level of response, or the individual’s ability to respond with increasing 
sophistication to the task.  The lowest level represented in the framework is the 
Prestructural level in which a student is either not engaged in the task or is simply 
acquiring bits of unconnected or senseless information.  The second level in SOLO is the 
Unistructural level.  In this level, the learner is able to use one piece of information in 
responding to the task; simple connections may be made, but these connections do not 
make sense to the learner.  In the third level, Multistructural, the learner is able to use 
multiple pieces of information, but is not able to connect them.  A learner who is able to 
integrate separate pieces of information to produce a practical solution to a task is 
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working at the Relational level in SOLO.  This student is able to appreciate the 
significance of the parts in relation to the whole.  The fifth and final level, Extended 
Abstract, is achieved when the learner is able to generalize a principle and apply it to a 
new situation.  Figure 5 describes these five levels of understanding.   
Figure 5. SOLO level descriptions.  Adapted from “Multimodal Learning and the Quality 
of Intelligent Behavior,” by J. Biggs & K. Collis, 1991, in H. Rowe (Eds.), Intelligence: 
reconceptualization and measurement, pp. 57-76.  Hillsdale, NJ: Erlbaum.’ 
 
 
Even though not much understanding takes place at the first (Prestructural) level 
(Potter & Kustra, 2012), understanding at the next two levels (Unistructural and 
Multistructural) can be classified as instrumental understanding (Skemp, 1977).  At these 
levels, the student is able to use a procedure and possibly produce a correct answer using 
that procedure.  Understanding at the Multistructural level is still viewed as instrumental 
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understanding if a student is not able to make connections between the two or more 
relevant parts of the problem.  However, when a student begins to make connections 
between different representations and different ideas within the problem, there is a 
possible transition to the relational level and relational understanding.  Once connections 
are made, a conceptual understanding develops.  In the earlier discussion of using 
different representations of a mathematical concept, understanding at the Relational or 
Extended Abstract level would indicate a possible conceptual understanding once the 
representations are linked in a meaningful way (Rider, 2004).  
In their work at the university level, Biggs and Tang (2009) describe 
understanding in a way similar to Skemp’s (1977) instrumental and relational 
understanding.  They indicate, “knowledge is the object of understanding, but knowledge 
comes in various kinds” (p. 41).  Declarative knowledge refers to knowing about things; 
this is also referred to as propositional knowledge and can encompass all levels of SOLO, 
based on what a student is asked to do with this knowledge.  Procedural knowledge is 
skill-based—knowing what to do when a given situation arises.  Conditional knowledge, 
according to Biggs and Tang, incorporates both higher-order declarative knowledge and 
procedural knowledge, so one “knows when, why, and under what conditions, one should 
do this as opposed to that” (p. 42).  Finally, functioning knowledge is based on 
performance of an understanding (e.g., students are able to use declarative knowledge to 
solve problems).  This type of knowledge requires a solid foundation of declarative 
knowledge (this indicates using declarative knowledge at a higher SOLO level) and 
involves both: (a) knowing how to do things (procedural knowledge); and (b) knowing 
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when to do these things and why (conditional knowledge).  This parallels NCTM’s 
(2000) declaration that by aligning factual knowledge and procedural proficiency with 
conceptual knowledge, students can become effective learners. 
 Many studies across multiple disciplines and grade levels have been conducted 
using SOLO.  Although the framework was not designed specifically for mathematics 
education, researchers have used this taxonomy for assessing geometric understanding 
(e.g., Olive, 1991), statistical reasoning (e.g., Watson & Kelly, 2008; Watson & Moriz, 
2001), and algebraic reasoning (e.g., Collis, Romberg, & Jurdak, 1986; Hattie & Purdie, 
1998; Pegg & Coady, 1993; Pegg & Tall, 2005).   
A study conducted by Pegg and Cody (1993) provides a good example of the 
levels dealing with the formal levels of thinking, namely the unistructural, multistructural 
and relational levels. The responses from 60 students (17-20 years of age) were analyzed 
based on these levels to answer the following research questions. 
Is it possible to identify empirical evidence, associated with students' 
understandings of a variable, for: 
1. the qualitative difference between the concrete symbolic and formal modes of 
response;  
2. a series of levels within the formal mode that satisfied the level conditions of 
SOLO.  That is, would there be examples of students' responses that focused 
on one aspect only, several independent aspects, and several related aspects? 
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The question and student answers provided by the authors are representative of the 
questions asked during the study.  Possible student answers are included for each of the 
three levels:   
If p is a real number, discuss the following: 
1
𝑝
> 𝑝. 
A typical response for the unistructural mode was one that only considered the 
fact that either p ≠ 0 or that p must be a negative number.  Only those working at the 
multistructural level indicated both of these facts in the same response.  In some 
responses at the multistructural level, more than two cases were considered, however 
there were still inconsistencies (e.g., “p must equal a proper fraction; this will allow the 
statement to be correct.  If p was a negative number the statement would also hold true. p 
will equal all values when p < 1 except when p = 0”).  These students have “fallen short 
of the whole overview” (p. 216).   
Finally, at the relational level, the students had a complete overview of the 
problem:  
 0 < p < 1 and p < -1  p ≠ 0, (p:p < -1) and (p:0 < p < 1) 
The authors concluded that the results of the study indicated that students who 
successfully answered these question satisfied conditions attributed to formal thinking.  
Successful answers required considering different cases taking into account a range of 
possible answers. 
101 
 
 Collis, Romberg, and Jurdak (1986) reached these same conclusions from a 
different angle.  In a report discussing the five SOLO learning levels, the researchers 
provided students with a type of reverse “superitem” problem (Cureton, 1965, as cited in 
Collis, Romberg, & Jurdak, 1986).  A paragraph describes the problem, and the items 
consist of a series of questions that can be answered by referring to the information in the 
stem (Figure 6).  The following four levels were accessed with this problem: unistructural 
(U), mulitstructural (M), relational (R), and extended abstract (E).   
 
Figure 6. A superitem to reflect SOLO.  Adapted from K. F. Collis, T. A. Romberg, and 
M. E. Jurdak (1986). “A technique for assessing mathematical problem-solving ability,” 
Journal for Research in Mathematics Education, 17(3), p. 212.  
 
In this type of problem, each level is obtained upon reaching a correct answer 
with the information provided.  In order to obtain the correct answer for the problem, 
students needed to process the information in at least the following different ways:  
This is a machine that changes numbers. It adds the number you 
put in three times and then adds 2 more. So if you put in 4, it puts 
out 14. 
 
U.   If 14 is put out, what number was put in?  
M.  If we put in a 5, what number will the machine put out?  
R.   If we got out a 41, what number was put in? 
E.   If x is the number that comes out of the machine when the 
number y is put in, write down a formula that will give us the 
value of y whatever the value of x. 
102 
 
U (Answer: 4). Students at this level only use one piece of information.  In 
addition, the correct answer is obtainable from either the diagram 
or the last answer in the stem.  
M (Answer: 17). All the information is used in a sequence; student see the stem as 
a set of instructions to be followed in order.  
R (Answer: 13). All the information is used and the student needs an overview of 
the whole problem.  In addition, the student needs to extract the 
“principle” involved in the problem well enough to be able to use 
it in reverse. 
E (Answer: 
𝑥 – 2
3
). The student has to extract the abstract general “principle” from 
the information and write it in its abstract form.  This involves 
zeroing in on the relationships involved by ignoring distracting 
cues and possibly forming hypotheses and testing them.   
These superitem problems were part of a study seeking to determine the construct 
validity of a set of 40 such problems.  Sixty children in grades 2, 3, 5, 8, 9, and 12 were 
given six superitem problems each with unlimited time to complete the problems.  The 
main research question asked in this study was “Can students at each level be clustered 
into interpretable groups that reflect the SOLO levels?”  The results indicated consistency 
in the levels for each child and for children at the same grade level.  In general, children 
in Grade 2 and 3 appeared to be operating at the unistructural level, Grade 5 at the 
multistructural level, Grade 8 and Grade 9 at a transitional level from a multistructural to 
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a relational level, and the Grade 12 students at the transition from a relational to an 
extended abstract level.  In addition, the researchers discovered that students under the 
age of 14who were asked to complete items at an abstract level spent a lot of time on the 
problem resulting in frustration and a lack of motivation.  The attempt to elicit a correct 
response was counterproductive.  These results suggest that although students should be 
challenged with engaging tasks, these tasks need to be age- and level-appropriate.  While 
the college-aged students who were involved in my study were at least 18 years old, I 
needed to keep in mind that not all of them may have been operating at an extended 
abstract level. 
Hattie and Purdie (1998) provide a different type of SOLO example by 
demonstrating the five learning levels with the use of a multiple choice test item.  
Students were required to provide written responses as to why a particular answer was 
selected. 
“What is the value of D in the following statement?  Show all work.” 
(84 / 42) * 7 = (84 * 7) / (D x 7)? 
a.)  42 
b.)  14 
c.)  294 
d.)  6 
The answers, SOLO level and student’s possible reasons for selecting an answer are: 
a.) 42 (Unistructural) “There is no 42 on the right side; 2(84/42) = 42” 
b.) 14  (Unistructural) “I calculated the left side where all the information was.” 
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(In a. and b., the student has only sought one piece of information.) 
c.) 294 (Multistructural) A step by step calculation was performed, 2 * 7 = 588 / 
(D * 7) = 294.  The student has used information [incorrectly] on both 
sides of the equation. 
d.) 6  (Relational) A step-by-step calculation was carried out correctly; or 
(Extended abstract)  Balancing (84 * 7)/42 = (84 * 7)/(D * 7) 
Hattie and Purdie (1998) note that the highest scored level could be Relational (if 6 is 
chosen), or the work provided by students may allow the teacher to score the item at 
either the Relational or Extended Abstract levels.  When students provide a rationale for 
their answers, it is easier to interpret at which level they are operating, as well as the 
conceptual understandings of the mathematical idea being developed. 
 Summary of Chapter 2 
This chapter summarized the review of the literature pertinent to this study.  The 
first section began with a general look at the different methodologies used in mathematics 
education research followed by a summary of the literature pertaining to the affective 
domain in general.  This was followed by a survey of literature focused on investigations 
of students’ attitudes toward mathematics—specifically within spreadsheet learning 
environments.  In addition, the three frameworks used in my study were described and 
the results of studies pertaining to their uses were explored.  These frameworks include: 
(a) the Attitudes Toward Mathematics Inventory (ATMI) that was used to collect and 
analyze both quantitative and qualitative data for this study, (b) the Master, Servant, 
Partner, Extension-of-Self Framework (MSPE) that was used to evaluate students’ uses 
105 
 
of technology during classroom observations and the post-instruction individual 
interview, and (c) the Structure of the Observed Learning Outcomes Taxonomy (SOLO) 
that was used to qualitatively evaluate students’ mathematical levels of understandings 
(possibly both procedural and conceptual) during these same observations and the post-
instruction interview.  The necessity of students’ sense makings and conceptual 
understandings of mathematics was substantiated throughout this last section as well as 
threaded throughout the chapter.   
Research indicates that students’ attitudes toward mathematics play a large role in 
their personal sense makings and conceptual understandings of mathematical concepts; 
technology plays a leading role in this liaison.  For students to be motivated to learn and 
conceptually understand mathematics, they must construct sense-making connections 
between what they already know both inside and outside the mathematics classroom.  
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CHAPTER III 
METHODOLOGY 
Overview 
This study examined how a spreadsheet-based learning environment supports 
students’ sense makings and development of conceptual understandings of financial 
mathematics (compound interest, credit card debt) and functions (linear, exponential, and 
quadratic).  In addition, this study investigated how students’ attitudes toward 
mathematics are impacted by their sense makings and conceptual understandings of these 
topics. 
Attitudes toward mathematics are comprised of the following four factors:  Self-
confidence, Value of mathematics, Motivation, and Enjoyment of mathematics, as 
measured by the Attitude Toward Mathematics Inventory (ATMI; Tapia, 1996) used in 
this study.  The Self-confidence factor measures students’ confidences in and self-
concepts of their performances in mathematics.  The second factor, Value of 
mathematics, is defined as students’ beliefs about the usefulness, relevance and worth of 
mathematics in students’ current and future lives.  This factor relates to the perspective 
that for students to see the usefulness of mathematical concepts, personal connections 
must be made between classroom mathematics and how such concepts might be 
encountered in their lives outside of school.  I agree with Malmivuori (2006) and Elliott 
et al. (2001), who claim that students’ attitudes are affected to varying degrees by the 
personal applicability, or lack thereof, of mathematics to their lives and possible future 
careers.   Motivation, the third factor measured on the ATMI, also relates to the idea of 
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students being aware of and recognizing the usefulness of mathematics.  As defined by 
Tapia (1996), Motivation measures students’ interests in mathematics and their desires to 
pursue studies in mathematics.  Finally, Tapia’s Enjoyment of mathematics factor is used 
to measure not only the degrees to which students enjoy engaging in mathematics, but 
also how much they enjoy mathematics classes in general.   
The following questions were addressed in this study: 
1. Does the use of a spreadsheet-based learning environment in an undergraduate 
Mathematics with Applications course affect students’ attitudes toward 
mathematics as measured on the Attitudes Toward Mathematics Inventory 
(ATMI)? 
2. How do students perceive the spreadsheet-based learning environment as 
contributing to their  
a. conceptual understandings and sense makings of the content? 
b. attitudes toward mathematics?  Specifically, how do students’ perceptions 
of their experiences support or challenge the quantitative ATMI results? 
3. How do students’ perceptions of their own mathematical efficacies align with 
those demonstrated during the spreadsheet problem solving activities? 
This chapter is organized around the specific methods used to collect and analyze 
the quantitative and qualitative data used in this study to address these research questions. 
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Setting 
The setting for this study was a small, private liberal arts university in Northeast 
Ohio enrolling almost 3,500 undergraduate students.  At the beginning of this study, I had 
taught at this university as a part-time instructor for 12 years.  
Mathematics With Applications Course Description 
The course used for this study was the Mathematics with Applications course. 
Students enrolled in this course are required to score at least a 560 on the mathematics 
section of the Scholastic Aptitudes Test (SAT), at least a 24 on the mathematics section 
of the American College Test (ACT), or pass the university-created mathematics 
placement test with a score of 75% or higher.  Any student not possessing at least one of 
these three criteria is placed in a College Algebra course that must be passed with a score 
of 75% or higher before enrolling in Mathematics with Applications. 
The Mathematics with Applications course is designed primarily for freshmen 
students and involves mathematical concepts frequently utilized in the management, 
social, and natural sciences.  The course consists of topics such as systems of linear 
equations and linear programming, basic statistics, financial mathematics and functions 
(linear, exponential, and quadratic).  The financial mathematics and functions component 
of this course were the focus content of this study.  The Mathematics with Applications 
course is considered a college-level mathematics course at this institution and counts 
toward degree requirements.  In addition, the course must be taken by all bachelor’s 
degree-seeking students in the business department.  This course serves as a prerequisite 
to upper-level business classes.  Upon attaining the proper course prerequisites previously 
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described, students are free to register for any of the five or six Mathematics with 
Applications offered during any given semester at the research institution.  Four or five 
different instructors usually teach these sections.  For this study, which took place during 
the Fall 2013 semester, two sections of the course taught by the same instructor were 
utilized.  During the 16-week semester, both of these sections met three times a week for 
50 minutes.  One section met on Mondays, Wednesdays, and Fridays mornings, whereas 
the other section met on these Monday, Wednesday, and Friday afternoons.  Class 
enrollment was limited to 24 students in each section due to the use of computers in the 
classroom; both sections in this study were filled to capacity for the Fall 2013 semester.  
Students enrolled in both of these sections of Mathematics with Applications used the 
Microsoft Excel spreadsheet and the TI-83 family of calculators as the primary 
technology during class time and for homework assignments.  Students who did not own 
a computer or have personal access to Microsoft Excel were able to complete required 
assignments in the Mathematics Computer Lab that is open 24 hours a day, 7 days a 
week.   
The course instructor that participated in this study taught part time at the research 
institution for the past five years and worked as the Mathematics Learning Specialist at 
the University Learning Center.  The instructor uses a constructivist approach to student 
learning both in the classroom, and for homework assignments and activities.  In addition 
to teaching Mathematics with Applications, this instructor has also taught College 
Algebra, Mathematics Modeling and Quantitative Analysis, Introduction to Statistics, and 
Biostatistics at the university.  The spreadsheet lessons and activities used for this 
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research study were planned and scripted collaboratively by both the course instructor 
and me. 
Instructional Spreadsheet Activities and Lessons 
The two sections of Mathematics with Applications used in this study were taught 
in a classroom equipped with desktop computers and the Microsoft Excel spreadsheet 
software that served as the study’s primary technology tool.  Although most students had 
access to graphing calculators and were permitted to use them throughout the semester, 
the spreadsheet tool was used for in-class demonstrations and was the tool students were 
encouraged to use for study-designed activities and assignments. 
Based on Lim’s (2005) findings previously discussed, significant deficiencies do 
exist in students’ knowledge about the use of spreadsheets at the start of their first year of 
college; therefore, two different types of spreadsheet activities were used.  The first type 
of activity involved lessons and video tutorials designed to introduce students to the 
spreadsheet technology and its basic commands (e.g., entering formulas, absolute and 
relative cells, creating graphs).  The tutorials used for this purpose consisted of online 
videos and lessons accessible to all students, as well as tutorial activities that I designed.  
Links for online tutorials were made available to students through their course 
BlackBoard website.  Aside from a brief introduction on accessing the spreadsheet 
(approximately 20 minutes during three class periods), these introductory types of 
activities were completed outside of the classroom; thus, allowing for more classroom 
time to be used to develop students’ conceptual understandings of the mathematical 
content through the use of the spreadsheet technology.   
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Spreadsheet (e.g., Excel) activities were also used to scaffold the learning of the 
technology while introducing some of the mathematical content taught at the beginning 
of the semester.  Niess (2005) posits that these scaffolding lessons and activities, such as 
the type used for this study, are intended to help students gain knowledge about the 
spreadsheet technology they will use to learn the mathematics.  Calder (2010) also adds 
that there is “a need to balance the development of spreadsheet skills to enable entry into 
the spreadsheet environment, with the development of mathematical thinking” (p. 18).  
An example of this type of problem is the “Hit the Target Number” problem adapted 
from Niess.  The problem states: “Hit the target number of 13 by only using one of the 
four mathematical operations (+, -, ×, ÷) and the numbers 1, 4, 6, 8 once.”  Before 
demonstrating this problem using the spreadsheet, students worked in pairs to come up 
with one solution.  Students were then presented with the following expressions and 
asked to determine which expression results in a 13.   
a.) 1 + 8/4 – 6  b.)  6 × 2 – 8 + 4 
c.) 6 × 2 + 8 / 4 d.)  8/4 × 6 + 1 
e.) 8 + 4 + 1
6
   
At this point, these expressions can be used to introduce the spreadsheet activity. 
This sample problem was designed to do several things: (a) demonstrate to 
students how to retrieve an Excel file from the BlackBoard site; (b) review the order of 
operations; (c) demonstrate how to enter values and functions in the spreadsheet and how 
to use cell name; and (d) prepare students for using the spreadsheet to work on a similar 
problem with a partner.  This task was the first in a series of tasks leading up to exploring 
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linear functions.  Although simple, these tasks were necessary for those students who did 
not know the basics of using Excel.  These tasks were used to scaffold students’ learning 
to help them gain the skills needed to use the spreadsheet technology productively. 
The second manner in which students used the spreadsheet tool was through 
ready-made interactive spreadsheets.  One such interactive spreadsheet included the use 
of embedded “sliders” used to change values and parameters easily.  This allowed 
students to verify their conjectures to their own “what if?” questions.  Sinex (2010) 
claims that exploring conjectures and discovering possible answers with these types of 
interactive spreadsheets is a great way to get students involved in active learning.  The 
interactive spreadsheets used in this study consisted of both open-source activities and 
spreadsheets I designed to enable students to engage with the mathematics.  All 
spreadsheet activities used in the course lessons were cooperatively designed and scripted 
by the course instructor and me.   
There were originally six separate spreadsheet tasks designed for the 
observations; however, due to time restraints and necessary course restructuring by the 
instructor, only five of these activities were used during the five classroom observations.  
During the final interview with the six purposefully selected students, the spreadsheet 
activity included both an interactive component in addition to knowledge of basic 
spreadsheet commands.  Table 2 identifies the mathematics and spreadsheet concepts 
involved in each activity.  The five activities used during the observations and the two 
activities used during the final interview can be found in Appendix D. 
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Table 2  
Spreadsheet Activities From Observations and Post-Instruction Interviews 
Observation # Activity Name Mathematical Concepts Spreadsheet Concepts 
 
1 
(Sept. 13) 
 
Exploring Cell 
Phone Plans 
 
Linear functions 
 
Entering values; entering 
formulas; scatter plots 
2 
(Sept. 20) 
Bailey & 
Mocha’s 
Playground 
Maximizing area; 
quadratic functions 
Entering values; entering 
formulas; Use of dynamic 
spreadsheet 
 
3 
(Sept. 27) 
Super Bowl 2013 
Commercials 
Exponential functions Entering values; entering 
formulas; scatter plots 
 
4 
(Oct. 16) 
Exploring 
Compound 
Interest 
 
compound interest; 
compounding periods 
Entering values; entering 
formulas 
5 
(Oct. 23) 
 
The Cost of 
Being Late 
Annuities Entering values; entering 
formulas 
Post-Instruction 
Interview 
Activity #1 
(Oct. 28 – Nov. 
7) 
 
The Genie’s Offer Comparing linear and 
exponential growth 
models 
Entering values; entering 
formulas; Use of dynamic 
spreadsheet 
Post-Instruction 
Interview 
Activity #2 
(Oct. 28 – Nov. 
7) 
 
Buying On Credit Comparing exponential 
decay models 
Entering values; entering 
formulas; Use of dynamic 
spreadsheet 
 
Research Design 
This section presents an overview of mixed methods research and the justification 
for using this method in my research study.  In addition, the processes for selecting the 
study’s participants are described. 
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Mixed Methods Research 
Qualitative and quantitative approaches to research are often considered separate 
paradigms with differing assumptions, requirements, and procedures that are rooted in 
different worldviews.  According to Lincoln and Guba (2000), these worldviews differ in 
ontology (the nature of reality), epistemology (how we gain knowledge and what we 
know), axiology (the roles values play in research), rhetoric (the language used in each 
methodology), and in the methodologies themselves.  A positivist worldview is usually 
associated with quantitative research, while qualitative methods are generally associated 
with constructivist viewpoints.  Researchers using a quantitative lens when conducting 
research use a “top down” approach, starting with a theory, stating a hypothesis, and 
collecting data that will either support or refute the hypothesis.  Slife and Williams 
(1995) assert that researchers in the quantitative realm make claims for knowledge based 
on (a) determinism or cause-and-effect thinking; (b) reductionism, by narrowing and 
focusing on select variables to interrelate; (c) detailed observations and measures of 
variables; and (d) the testing of theories that are continually refined.  
In contrast, the constructivist worldview is comprised of the notion that the 
phenomenon being studied is best understood through the subjective view of the 
participants – from their perspectives and lived experiences.  The research from this form 
of inquiry is shaped from the “bottom up” (Creswell & Plano Clark, 2011, p. 40), starting 
with individual perspectives that are then generalized to broader theories.  In regards to a 
combination of both approaches, one position contends that the integration of quantitative 
and qualitative paradigms is impossible, as they represent irreconcilable worldviews (e.g., 
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Lincoln & Guba, 1985; Mishler, 1990).  Other researchers (Firestone, 1993; Tashakkori 
& Teddlie, 1998; Tashakkori & Teddlie, 2003), suggest that the two paradigms should be 
combined at the research level and at the methodological level, contending that 
pragmatism is the best foundation for mixed methods research.  Such a worldview rejects 
the forced choice between positivism and constructivism.  Tashakkori and Teddlie (1998) 
posit that pragmatism offers a practical and applied research philosophy; it is grounded in 
real problems and attempts to use whichever methods best address the research problem.  
This perspective supports the use of both quantitative and qualitative methods in the same 
research study and is the view adopted for this study; using purely quantitative or 
qualitative methods would not allow collection or analysis of data in such a way as to 
best answer the posed research questions.  What follows is a justification for why this 
study was conducted utilizing a mixed methods research design. 
Justification for using a mixed methods research design.  There exists a 
plethora of quantitative studies regarding students’ attitudes toward mathematics, and a 
few of these studies involve students’ attitudes toward mathematics within a spreadsheet 
environment.  (e.g., Calder, 2008; Gasiorowski, 1998; Hulse, 1992).  The main focus of 
these studies was to compare different forms of instruction (i.e., spreadsheets vs. paper 
and pencil) and to answer questions such as “Were there changes in attitudes toward 
mathematics?” and “Does the spreadsheet affect students’ attitudes?”  The general goals 
of these studies were to determine whether the use of spreadsheets had an effect on 
attitudes; the studies did not attempt to collect or analyze data regarding students’ 
perceptions of their attitudes or reasons for possible changes in their attitudes.   
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Other studies utilizing different technologies in the classroom have looked at this 
attitude issue using a mixed methods paradigm; however, through a variety of literature 
search techniques, no mixed methods studies were found that investigate college 
students’ attitudes toward mathematics within a spreadsheet-based learning environment.  
Calder’s (2010) study with elementary students sought to determine how the use of 
spreadsheet technology might shape mathematical learning and the effect this learning 
may have on attitudes toward mathematics.  Although Goodykoontz (2008) investigated 
college students’ attitudes toward mathematics, her study did not implement the use of 
the spreadsheet.  Therefore, this mixed methods study involving college students’ use of 
spreadsheet technology and their attitudes toward mathematics helps to fill a void in the 
literature regarding students’ attitudes toward mathematics at the post-secondary level.  
In addition, investigating this issue using three different frameworks (ATMI, MSPE and 
SOLO) may provide insight into how these conceptual models can be used together in 
future research. 
Using a mixed methods approach to conduct research on students’ use of 
spreadsheets and how this tool aids students’ sense makings, their conceptual 
understandings of the mathematical concepts, and their attitudes toward mathematics, 
helped address the questions (a) “Is there a difference in attitudes?” (b) “Why might this 
possible difference occur?” and (c) “What are students’ perceptions of their attitudes and 
experiences with the spreadsheet?”  This type of approach allowed distinct methods for 
collecting and analyzing data.  Investigating while using a pragmatic approach offered a 
holistic view of the phenomena and a more thorough way in which to answer the research 
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questions.  Analyses of quantitative data of students’ attitudes provided a general 
understanding of their attitudes toward mathematics according to existing theory (an etic 
perspective); whereas, analyses of qualitative data contributed a more detailed and 
descriptive understanding of students’ attitudes from their own perspectives (an emic 
perspective).  Tashakkori and Teddlie (2003) agree with this mixed-methods viewpoint 
claiming, “Some authors have suggested that qualitative (QUAL) research questions are 
exploratory while quantitative (QUAN) research questions are confirmatory.” 
For example, in my study, quantitative methods of data collection and analyses 
were used to answer the first research question pertaining to students’ attitudes toward 
mathematics:  Does the use of a spreadsheet-based learning environment in an 
undergraduate Mathematics with Applications course affect students’ attitudes toward 
mathematics as measured on the Attitudes Toward Mathematics Inventory (ATMI)?  
Using this method allowed for an analysis that showed either a positive or a negative 
effect on attitude.  Qualitative methods of data collection and analysis were used to 
answer the last part of the second research question regarding students’ attitude:  How do 
students perceive the spreadsheet-based learning environment as contributing to their 
attitudes toward mathematics?  Specifically, how do students’ perceptions of their 
experiences support or challenge the quantitative ATMI results?  Combining these two 
methodologies and integrating the analyses viewed from these two different perspectives 
provided the overreaching “big picture” of this research study and the best way to address 
the research questions pertaining to students’ attitudes.  Such combined methodologies 
and integrated analyses mimic Creswell and Plano Clark’s (2011) statement regarding the 
118 
 
different mixed-methods situations where “using only one approach would be deficient” 
(p. 8).  
Qualitative methods of data collection and analysis were also used to answer the 
first part of the second research question:  How do students perceive the spreadsheet-
based learning environment as contributing to their conceptual understandings and sense 
makings of the content? and the third and final question:  How do students’ perceptions 
of their own mathematical efficacies align with those demonstrated during the 
spreadsheet problem solving activities?   
This mixed methods research design allowed the research questions to be 
answered in such a way as to afford the opportunity to develop a deeper understanding of 
college students’ experiences and attitudes toward mathematics and their perceptions of 
these experiences and attitudes. 
The sequential explanatory design in mixed methods research.  This mixed 
methods research study utilized a sequential explanatory design.  Creswell et al. (2003) 
define a sequential explanatory mixed methods design as one in which the qualitative 
phase is designed so that it follows from the results of an initial, quantitative phase.  The 
second qualitative phase in this study was conducted to further explain the findings of the 
first quantitative phase.  Even though the quantitative approach was not used as the 
dominant method, the subsample selection of participants for interviews and observations 
was based on the quantitative findings.  This is a “participant-selection” variant of the 
sequential explanatory design, according to Creswell and Plano Clark (2011, p. 86).  In 
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addition, the last part of the second research question used the qualitative results with the 
intention to support or challenge the quantitative results found using the ATMI. 
In studies where more emphasis is placed on the first quantitative phase, the 
notation “QUAN → qual” is used.  This design is referred to as a follow-up explanations 
variant (Creswell & Plano Clark, 2011).  A mixed methods study, such as that presented 
here, in which the researcher is focused on qualitatively examining a phenomenon but 
needs initial quantitative data and results to identify and purposely select participants, is a 
quantitative preliminary design (Morgan, 1998) and is noted by “quan → QUAL.”  In 
this design, the researcher places priority on the second qualitative phase instead of the 
first quantitative phase (Creswell & Plano Clark).  A quantitative preliminary design was 
used in this study to measure students’ initial attitudes toward mathematics quantitatively 
via the ATMI, then purposefully selecting those students whose Pre-ATMI total score 
was in either the lower 25% of the scores (lower quartile) or the upper 25% of the scores 
(upper quartile).  This purposeful sample represented scores at both ends of the attitude 
continuum and did not involve the middle scores that may border on either the lower or 
higher cut-offs.  The additional collection of qualitative data from these six select 
students allowed for further exploration of their attitudes toward mathematics.  A 
diagram illustrating the sequential explanatory design used for this study is shown in 
Figure 7.  
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Figure 7. Sequential Explanatory mixed method design 
  
121 
 
Sample Selection 
The following sections describe the processes used for selecting the participants 
used in this study.  The initial group of participants was used for the quantitative phase 
and the purposefully-selected sample was used for the qualitative phase.   
Quantitative sample selection.  With the previously described prerequisites 
satisfied, students were able self-enroll for any open section of Mathematics with 
Applications.  Even though some students prefer one instructor to another or a certain 
time of day in which to attend this class, students were not made aware of the different 
technology (i.e., spreadsheet, graphing calculator) that might be used for any of the 
sections of the course.  Students 18 years or older in the two sections used in this study  
(n = 48) were asked to volunteer to participate in the study during the first week of the 
Fall 2013 semester.  I met with the students in each section on Wednesday of Week 1 to 
describe the purpose of the study and to request students’ voluntary participation.  There 
were no student withdraws from either of the course sections used for this study.   
During this meeting, students were given the Student Informational Letter 
(Appendix E) and all pertinent IRB forms.  The informational letter further introduced 
students to the study and provided them with detailed instructions on how to take part in 
the ATMI (Appendix A) and the Pre-instruction Perceptions and Beliefs about 
Mathematics Survey (Pre-PBMS; Appendix F).  This letter also informed students of the 
possibility of being selected by me to participate in the voluntary semi-structured 
individual interviews at the beginning and at the end of the semester and to participate in 
the classroom observations during the course of the instructional period.  
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The ATMI and the Pre-PBMS were administered using Qualtrics, an online 
survey software program (Qualtrics, n.d.).  The first page of the Pre-PBMS/ATMI 
contained the Online Informed Consent Form (Appendix G); selecting the “I Agree” 
button indicated students’ agreement to the conditions of the study.  Those students 
volunteering to participate in the study, who also completed the Pre-PBMS/ATMI before 
the instructional period and the Post-PBMS/ATMI after the instructional period, were 
entered into a drawing to win a $50 University bookstore gift certificate.  All students 
were advised that they could stop participation at any time during the semester with no 
negative consequences or adverse effects on course grades or relationships with the 
course instructor.  Students were also advised that all data collected during the course of 
the study would be held in strictest confidence and would only be viewed and accessed 
by the main researcher.  This ensured that the students were aware of the fact that no data 
would be shared with the instructor or any other students.  Students were asked to 
complete the Pre-PBMS/ATMI by the end of Week 1 of the semester.  Although this 
provided students only a few days to complete the survey, such a short turnaround time 
was necessary to ensure I had ample time to analyze the data for the qualitative phase 
during Week 3 of the study.   
Qualitative sample selection.  The purposeful sample (Patton, 2002) needed for 
the qualitative phase of this study was selected from those students agreeing to participate 
in the initial ATMI survey.  Pre-ATMI scores were downloaded from the Qualtrics site, 
and scores from both sections of Mathematics with Applications were combined to create 
one sample (n = 44).  Descriptive statistics were calculated using Microsoft Excel to 
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determine the student Pre-ATMI scores that made up the lower 25% of the Pre-ATMI 
scores (lower values indicate a more negative attitude) and the upper 25% of the Pre-
ATMI scores (higher values indicate a more positive attitude).  The 40-item inventory 
had a possible score range of 40 to 200 points.  The Pre-ATMI total scores collected 
ranged from 59 to 197 points.  Three (3) students from the lower 25% of the scores (59 to 
93 points) and three (3) students from the upper 25% of the scores (163 to 197 points) 
were randomly chosen to participate in the study.  Selecting the students in this manner 
provided a sample of students at each end of the Pre-ATMI score interval.  Student      
Pre-ATMI scores in the middle 50% of these scores (94 to 162 points) were not 
considered due to the possibility of selecting a score that was too close to either the lower 
25% of scores or the upper 25% of scores.  This could have feasibly resulted in a score 
that was not typical of a student with an “average” attitude and a score that was not 
different enough from a low Pre-ATMI or a high Pre-ATMI score.  Merriam (2009) 
refers to this “maximum variation” as a strategy for promoting validity and reliability in a 
study in that variation in a sample selection is purposefully sought to “allow for a greater 
range of application of the findings by consumers of the research” (p. 229). 
The 44 students participating in this first survey provided me with 11 student   
Pre-ATMI scores in both the lower 25% and the upper 25% of the scores.  Three students 
from each of these two sets of scores were randomly selected for a total of six students 
who were asked to participate in the individual interviews and classroom observations.  
The first six students selected (two from the morning sections and four from the 
afternoon section) agreed to participate in the qualitative phase of the study.  Each 
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student was sent an email (Appendix H) inviting them to participate in two different      
45-minute interviews (one interview during Week 3 and one interview during Week 12 
and Week 13) and five (5) classroom observations during the regular class time.  All six 
students completed both sets of interviews and all five classroom observations and were 
awarded a $20 gift card from the University bookstore.  These same six students also 
remained eligible to win the $50 gift card for their participation in the Pre-PBMS/ATMI 
and Post-PBMS/ATMI; however, none of these six students was the winner of this 
second gift card.   
Student Descriptions.  The six purposely-selected students in this study were 
chosen based on their Pre-ATMI mean scores.  Table 3 provides a description of these 
students.   Actual student names have been replaced with pseudonyms. 
 
Table 3 
Student Descriptions 
Name Gender 
Class 
Standing 
Major 
Pre-
ATMI 
Level 
Post-
ATMI 
Level 
Spreadsheet 
(Pre) 
(1, 2, 3) 
Spreadsheet 
(Post) 
(1, 2, 3) 
Craig Male Freshman Psychology Low Low 2 1 
Jordan Male Sophomore Athletic 
Training 
Low Low 2 1 
Kelsey Female Senior Music 
Education 
High Middle 2 2 
Sheila Female Freshman Finance High High 2 1 
Teresa Female Freshman History Low Middle 2 1 
Valerie Female Freshman Undecided High High 2 1 
Note. Pre- and Post-ATMI mean scores identified as Low = [1, 2⅓,], Middle = (2⅓, 3⅔), 
and High = [3⅔, 5]; familiarity of spreadsheet identified as: 1 = very well, 2 = OK, 3 = 
not at all 
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Data Collection 
Data for this mixed methods study was both quantitative and qualitative in nature.  
The matrix shown in Table 4 displays the collection methods for both types of data and 
the timeline for acquisition of the data.   
 
Table 4 
Phases of Data Collection Matrix 
Research Question Data to be Collected Data Collection Source Acquisition Week # 
1.  Does the use of a 
spreadsheet-based learning 
environment in an 
undergraduate Mathematics 
with Applications course 
affect students’ attitudes 
toward mathematics as 
measured on the Attitudes 
Toward Mathematics 
Inventory (ATMI)? 
 
2a.  How do students’ 
perceive the spreadsheet-
based learning environment 
as contributing to their 
conceptual understandings 
and sense makings of the 
content? 
Students’ Pre-ATMI  
responses 
 
Students’  Post-ATMI   
responses 
 
 
Students’ class behavior 
 
 
Students’ perceptions of 
attitudes  
Pre-ATMI   
 
 
Post-ATMI   
 
 
 
Classroom 
observations 
 
 
Post-instruction 
interviews 
Week 1 
 
 
Week 10 
 
 
 
Week 3 through 
Week 9 
 
Week 10 and Week 
11 
 
 
 
(table continues) 
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Table 4 (Continued) 
Phases of Data Collection Matrix 
Research Question Data to be Collected Data Collection Source Acquisition Week # 
2b.  How do students’ 
perceive the spreadsheet-
based learning environment 
as contributing to their 
attitudes toward 
mathematics?  Specifically, 
how do students’ perceptions 
of their experiences support 
or challenge the quantitative 
ATMI results? 
 
 
 
 
3.  How do students’ 
perceptions of their own 
mathematical efficacies 
align with those 
demonstrated during the 
spreadsheet problem solving 
Students’ Pre-ATMI 
responses   
 
Students’ perceptions 
of attitudes 
 
Students’  Post-ATMI  
responses  
 
Students’ perceptions 
of attitudes  
 
Students’ class 
behavior  
 
 
Students’ perceptions 
of attitudes  
Pre-ATMI   
 
 
Pre-instruction interviews 
 
 
Post-ATMI 
 
 
Post-instruction 
interviews 
 
Classroom observations 
 
 
Post-instruction 
interviews 
Week 1 
 
 
Week 3 
 
 
Week 10 
 
 
Week 10 and  Week 
11 
 
Week 3 through 
Week 9 
 
Week 10 and Week 
11 
 
 
Quantitative Data  
Quantitative data in this study consisted of pre-instruction ATMI scores (Pre-
ATMI) collected during Week 1 of the study and post-instruction ATMI scores (Post-
ATMI) collected during Week 10 of the study.  
Pre-ATMI.  The ATMI (Appendix A), discussed in detail in Chapter 2, was 
developed by Tapia (1996) and consists of 40 items.  The ATMI uses a Likert-type scale 
with the following anchors: 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 
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and 5 = strongly agree.  The specific attitudes addressed in this 40-item instrument are 
Self-confidence (15 items), Value of mathematics (10 items), Enjoyment of mathematics 
(10 items), and Motivation (5 items).  This instrument was combined with the Pre-
instruction Perceptions and Beliefs about Mathematics Survey (Pre-PBMS; Appendix F) 
described later in the Qualitative Data section.  The combination of these two instruments 
is referred to as the Pre-PBMS/ATMI. 
Post-ATMI.  The Post-ATMI is identical to the Pre-ATMI administered during 
Week 1 of the semester.  Students who participated in the Pre-ATMI were emailed the 
Qualtrics link with the invitation to participate in the Post-ATMI data collection phase.  
This phase of the data collection took place during Week 10 of the semester and occurred 
after completion of the financial mathematics component of the course.  Similar to the 
Pre-ARMI, the Post-ATMI was combined with the Post-Instruction Perceptions and 
Beliefs about Mathematics Survey (Post-PBMS; Appendix I) described in the subsequent 
Qualitative Data section below.  The combination of these two post-intervention 
instruments is referred to as the Post-PBMS/ATMI.  
Qualitative Data   
As noted previously, scores from the pre-instruction ATMI were used to select the 
purposeful sample for the qualitative data collection phase in this study.  Qualitative data 
included the following five sources, presented in the order they were collected in the 
study: (a) answers to the open-ended questions in the pre-instruction Perceptions and 
Beliefs about Mathematics Survey (Pre-PBMS), (b) transcripts from the pre-instruction 
individual student interviews, (c) observation notes and transcripts from the five 
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classroom observations, (d) transcripts from the post-instruction individual student 
interviews; and (e) answers to the open-ended questions in the post-instruction 
Perceptions and Beliefs about Mathematics Survey (Post-PBMS).  The following section 
describes each of the qualitative data collection instruments.   
Pre-instruction Perceptions and Beliefs about Mathematics Survey (Pre-
PBMS).  During Week 1 of the semester, participants completed the online Qualtrics 
survey consisting of both the ATMI and the open-ended questions on the Pre-PBMS 
(Appendix F).  I designed the Pre-PBMS to gather student information regarding gender, 
age, previous mathematics classes taken, educational background information and initial 
perceptions and beliefs about mathematics before mathematical instruction in the course 
had occurred.   
Pre-instruction individual interviews.  Scores from the pre-instruction ATMI 
were used to select the six potential students for the qualitative data collection phase of 
this study.  Each of these six students subsequently agreed to be interviewed.  Before the 
individual interviews began, each of the six students was provided with a copy of the 
video consent form (Appendix J).  Each semi-structured individual interview lasted for 
approximately 45 minutes, and was video recorded.  In addition, a pre-instruction 
interview protocol (Appendix K) was used for organizational purposes and to provide a 
record of information in the event that the video recording failed (Creswell & Plano 
Clark, 2011).  This protocol was used as an extension of the open-ended questions used 
in the Pre-PBMS with follow-up questions used where clarification of student responses 
was necessary.  The protocol also contained questions addressing each student’s past and 
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current mathematics experiences both inside and outside the classroom, as well as his or 
her experience with technology previously used either in an educational setting or for 
non-educational purposes.  I conducted these interviews in such a manner so as not to 
lead the student in any particular direction in his or her answers; a manner in which the 
student felt comfortable offering thoughtful and truthful responses.   
These pre-instruction interviews were conducted during Week 3, before the 
classroom instructional component of the study began.  I took notes and video recorded 
each interview to make certain to capture all verbal cues and utterances.  Video recording 
each interview also allowed me to view student’s actions and expressions while the audio 
component captured the student’s responses.  After each interview, I read my notes and 
viewed the video to fill in additional thoughts and perceptions I may not have initially 
included during the interview.  Memoing these thoughts allowed me to summarize my 
work and establish connections between different ideas or concepts (Groenewald, 2008).  
Furthermore, memoing directly after each interview ensured that my thoughts were still 
fresh—thoughts that may not have been easy to retrieve at a later time.  
Classroom observations.  During the instruction component of this study (Week 
3 through Week 9), each of the two sections of Mathematics with Applications was 
observed five times.  Specific observation dates were selected jointly by the course 
instructor and me.  These five dates that were chosen coincided with the following 
mathematical concepts were being discussed in the classroom: (a) linear functions; (b) 
quadratic functions; (c) exponential functions; (d) compound interest; and (e) credit card 
debt. 
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The same purposeful sample of six students used for the individual interviews 
were used for these observations.  During these observations, these six student 
participants worked together in pairs, where each pair consisted of one student scoring in 
the bottom 25% on the Pre-ATMI and one student scoring in the top 25% of the Pre-
ATMI. The two pairs of students in the morning section consisted of Valerie (female, 
high Pre-ATMI) and Teresa (female, low Pre-ATMI), and the other pair consisted of 
Sheila (female, high Pre-ATMI) and Jordan (male, low Pre-ATMI).  The sole pair of 
students in the afternoon section was comprised of Kelsey (female, high Pre-ATMI) and 
Craig (male, low Pre-ATMI).   
During the observations I also verified that the technology being used was the 
spreadsheet (most students used the classroom computers while two to three students in 
each section used their own laptops).  In addition, I noted how these students interacted 
with and used the technology and how they interacted with both the course instructor and 
their classmates.  These observations were also used to verify the fidelity of the 
spreadsheet activities and how these spreadsheet activities were used by the instructor to 
promote students’ sense makings and conceptual understandings of the concepts.  Zbiek, 
Heid, and Blume (2007) declare that the characteristics of a technology-generated 
representation (e.g., the graph of a function produced by the spreadsheet) must be faithful 
to the underlying properties of the mathematical concept (e.g., function).  Dick (2007) 
describes this as the “mathematical fidelity” of a technological tool (p. 335).  
These classroom observations were also used to note any impact the spreadsheet 
activities may have had on students’ attitudes toward mathematics.  Field notes were 
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taken during these observations using the observation protocol (Appendix L) that I 
designed to answer the first part of the second research question:  How do students 
perceive the spreadsheet-based learning environment as contributing to their conceptual 
understandings and sense makings? and the third question:  How do students’ perceptions 
of their own mathematical efficacies align with those demonstrated during the 
spreadsheet problem solving activities?  In addition, students submitted their written 
work, and, where applicable, the spreadsheet files used during these activities.  
Post-instruction individual interviews.  These 60-minute, individual semi-
structured interviews were conducted with the same six students used for the pre-
instruction interviews.  Interviews were conducted during Week 11 and Week 12, after 
completion of the study’s instructional period.  A semi-structured, post-instruction 
interview protocol (Appendix M) was used in a manner similar to the pre-instruction 
interview protocol described earlier and addressed similar issues and questions.  During 
these interviews, students also worked on the “Exploring the Genie’s Offer” activity in 
which they compared linear and exponential growth and on the “Buying on Credit” 
activity that focused on credit card debt.  When working on these activities, students had 
access to a laptop containing Microsoft Excel and a graphing calculator.  As with the pre-
instruction interviews, notes were taken by me during each interview as well as video 
recordings made of each interview session.   
Post-instruction Perceptions and Beliefs about Mathematics Survey          
(Post-PBMS).  All students participating in the study were also asked to participate in the 
Post-instruction Perceptions and Beliefs about Mathematics Survey (Post-PBMS; 
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Appendix I) that contained open-ended questions pertaining to students’ perceptions and 
beliefs about mathematics, after completion of the instructional period.  I developed this 
survey to gather student information regarding perceptions and beliefs about mathematics 
after mathematical instruction in the course has occurred and information regarding 
students’ experiences with the use of the spreadsheet during the semester.  As with the 
Pre-PBMS, this survey was combined with the post-instruction ATMI; the Qualtrics 
survey link was sent to students and also posted on each section’s course management 
site (i.e., BlackBoard Learn).  
Data Analysis 
Data analysis is the process used for making sense out of data; it involves 
consolidating, reducing, and interpreting what participants have said and done and what 
the researcher has seen and read (Merriam, 2009).  The matrix shown in Table 5 displays 
the data and analysis methods employed to address each research question.  The matrix is 
followed by a description of each method of analysis.  Results of the analyses are 
presented in Chapter 4 of this document. 
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Table 5 
Phases of Data Analysis Matrix 
Research Question Data to be Analyzed Data Analysis 
1.  Does the use of a 
spreadsheet-based learning 
environment in an 
undergraduate Mathematics 
with Applications course affect 
students’ attitudes toward 
mathematics as measured on the 
Attitudes Toward Mathematics 
Inventory (ATMI)? 
 
 
Quantitative scores from Pre-
ATMI responses 
 
 
Quantitative scores from Post-
ATMI responses 
 
Descriptive statistical analysis to 
determine sample selection for 
qualitative data  
 
Descriptive statistical analysis;  
matched pairs  t-test to determine if 
significant difference exists in attitude 
change scores 
 
2a.  How do students’ perceive 
the spreadsheet-based learning 
environment as contributing to 
their conceptual understandings 
and sense makings of the 
content? 
 
 
 
Qualitative observation field 
notes and audio transcripts 
regarding students’ class 
behavior 
 
Qualitative post-instruction 
interview transcripts regarding 
students’ perceptions of 
technology use and level of 
understanding  
 
CCM using pre-defined MSPE 
categories and pre-defined SOLO 
levels 
 
 
CCM using pre-defined MSPE 
categories and pre-defined SOLO 
levels  
 
 
 
 
 
 
 
 
 
 
(table continues)  
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Table 5 (Continued) 
Phases of Data Analysis Matrix 
Research Question Data to be Analyzed Data Analysis 
2b.  How do students’ 
perceive the spreadsheet-
based learning 
environment as 
contributing to their 
attitudes toward 
mathematics? 
Specifically, how do 
students’ perceptions of 
their experiences support 
or challenge the 
quantitative ATMI 
results? 
 
 
 
 
 
 
 
 
 
 
3.  How do students’ 
perceptions of their own 
mathematical efficacies 
align with those 
demonstrated during the 
spreadsheet problem 
solving activities? 
 
Quantitative scores from Pre-ATMI 
responses 
 
Qualitative pre-instruction interview 
transcripts regarding students’ 
perceptions of attitudes 
 
Quantitative scores from Post-ATMI  
 
 
 
 
Qualitative post-instruction interview 
transcripts regarding students’ 
perceptions of attitudes, use of 
technology 
 
Integrated quantitative/ qualitative 
attitudinal data 
 
 
Qualitative observation field notes and 
audio transcripts regarding students’ 
class behavior 
 
Qualitative post-instruction interview 
transcripts regarding students’ 
perceptions of use of technology and 
level of understanding 
Descriptive statistical analysis 
 
 
CCM using established ATMI 
factors  
 
 
 
Descriptive statistical analysis; 
matched pairs  t-test to 
determine if significant 
difference exists in attitude 
change scores 
 
CCM using established ATMI 
factors, MSPE categories 
 
 
 
Joint display using 
ATMI/MSPE analyzed data 
 
 
CCM using pre-defined MSPE 
categories and SOLO levels 
 
 
CCM using pre-defined MSPE 
categories and SOLO levels 
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Quantitative Data 
The collection methods for the quantitative data were described earlier in the Data 
Collection section.  The following sections discuss the analysis of these data.  
Pre-ATMI.  The Pre-ATMI data was downloaded from Qualtrics for each of the 
two sections of Mathematics with Applications and combined to create one sample (n = 
44).  The 40-item ATMI uses a Likert-type scale with the following anchors: 1 = strongly 
disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree.  Due to the nature of 
the ATMI questions, eleven of the ATMI items needed to be reversed and assigned 
appropriate values before analyzing the data.  For example, the scale for Item 12 
Mathematics makes me feel uncomfortable was reversed so that 5 = strongly disagree,     
4 = disagree, 3 = neutral, 2 = agree, and 1 = strongly agree.  In addition, descriptive 
statistics were calculating using Excel, including the means and standard deviations for 
each of the four individual factors (Self-confidence, Value, Enjoyment, and Motivation), 
the means and standard deviations for each of the 40 individual survey items, and the 
weighted mean for all four factors combined.  A weighted mean was necessary due to the 
unequal number of inventory items for each of the four factors.   
As summarized in Chapter 2, the reliability on the ATMI was high (0.95, 0.89, 
0.89, 0.88) for all four individual factors (Self-confidence, Value, Enjoyment, and 
Motivation) respectively.  In addition, the item-to-total correlation of the ATMI varied 
from 0.50 to 0.82 (Tapia & Marsh, 2004).   
Post-ATMI.  Similar to the methods used to analyze the Pre-ATMI data, the 
Post-ATMI scores were downloaded from Qualtrics and combined for each of the two 
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sections of Mathematics with Applications (n = 38).  Scores for the students not 
participating in both surveys were omitted resulting in n = 36 students taking both the 
pre-and the post- ATMI.  Additionally, the change score was found by subtracting the 
Pre-ATMI mean score from the Post-ATMI mean score.  This was done for the overall 
mean score, the mean score for each of the four ATMI factors, and for the 40 individual 
inventory items.   
These two samples of survey data consisted of matched pairs (Triola, 2014) 
because the scores collected with the Pre-ATMI can be matched with the scores collected 
from the Post-ATMI for each student.  Using the paired data available for these 36 
students, matched pairs t-tests were conducted to determine if significant changes existed 
in students’ overall attitude scores from the beginning of the semester to the end of the   
6-week instructional unit.  Matched pairs t-tests were also used to determine if there were 
significant changes in the means of the four factors (Self-confidence, Value, Enjoyment, 
and Motivation). 
Analyzed results obtained from these data were used to answer the first research 
question: Does the use of a spreadsheet-based learning environment in an undergraduate 
Mathematics with Applications course affect students’ attitudes toward mathematics as 
measured on the Attitudes Toward Mathematics Inventory (ATMI)? 
Qualitative Data   
The collection methods for the qualitative data were described earlier in the Data 
Collection section.  The following sections discuss the analysis of these data.  
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Pre-instruction Perceptions and Beliefs about Mathematics Survey            
(Pre-PBMS).  The qualitative data collected using the open-ended questions from the 
Pre-PBMS was downloaded from the online Qualtrics survey for the study’s purposeful 
sample (n = 6).  These open-ended responses from this survey were used as starting 
points for the questions asked during the pre-instructional individual interviews.   
Pre-instruction individual interviews.  Video files were collected during the 
individual semi-structured interviews with the same six students.  These video files were 
viewed and the audio recordings were transcribed and imported into the Dedoose (2011) 
mixed method data analysis software.   
Line by line data analysis involved an open coding method that Strauss and 
Corbin (1990) define as “the process of breaking down, examining, comparing, 
conceptualizing, and categorizing data” (p. 61).  Dedoose allows a user to select and 
create excerpts (words, sentences, etc.) and then assign a code to the excerpt.  This was 
done by first marking all words and phrases that could be identified as an attitude toward 
math, creating an excerpt, and then identifying each excerpt as an “attitude” parent code.  
The specific attitude data excerpts were then analyzed a second time and assigned one of 
the four ATMI factors (Self-confidence, Value, Enjoyment, and Motivation) as a 
Dedoose child code.  Strauss and Corbin (1990) refer to these parent codes as 
“categories” (p. 61); however, the use of the word factor is used to remain consistent with 
Tapia’s (1996) terminology.  Using Dedoose, this cyclic process (Saldaña, 2009) of 
analyzing the data excerpts and refining these child codes was repeated until no new 
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codes emerged from the attitudinal data.  This is referred to by Glaser and Strauss (1967) 
as the constant comparative method (CCM).  
In addition to one of the four factors being assigned to the excerpts, a weight was 
added to each child code to represent a range for the attitude.  Possible weights included a 
“1,” a “2,” or a “3,” representing a negative, neutral, or positive comment, respectively.  
Table 6 displays exemplars of student comment weights for each ATMI factor. 
 
Table 6 
ATMI Descriptions, Exemplars of Student Comments, and Code Weights 
 
ATMI Factor 
 
Description 
 
Weights for Student Comment 
 
 
Self-
confidence 
 
Students’ confidence and self-
concept of their performance in 
mathematics   
 
1.  I dread coming to math class because I was never 
very good at it. 
2.   I’m just an average math student.  
3.   Math has always been easy for me.  I love the 
challenge of a difficult problem 
 
Value Students’ beliefs of the 
usefulness, relevance and worth 
of mathematics in their lives now 
and in the future 
1.  Math is just about plugging numbers into 
formulas.  It doesn’t really make sense to me 
when I use any of the formulas—I just use them. 
2.   Sometimes I can relate the classroom math to 
things I’ve seen or done. 
3.   I can use the math I learn not only in other 
college courses but also for other projects 
outside of school.   
 
 
 
 
 
(table continues) 
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Table 6 (Continued) 
 
ATMI Descriptions, Exemplars of Student Comments, and Code Weights 
 
ATMI Factor 
 
Description 
 
Weights for Student Comment 
 
 
Enjoyment  
 
The degree to which students 
enjoy working with mathematics 
and how much students enjoy 
mathematics classes in general 
 
1.  There is really nothing I like about math.  I avoid 
using it, if possible. 
2.   Sometimes I would rather work a math problem 
than write an English paper. 
3.   I can use the math I learn in class in other college 
courses and also for other projects outside of 
school.   
 
Motivation Students’ interest in mathematics 
and the desire to pursue further 
studies in mathematics 
1.  I am so happy that this is my last math class 
EVER! 
2.   Usually when I try to do a problem it’s because I 
want to get a better grade than my friend. 
3.   It’s great when I stick with a problem and get the 
right answer and also understand what I’m 
doing! 
 
Note. 1 = negative comment, 2 = neutral comment, 3 = positive comment; Adapted from 
“An Instrument to Measure Mathematics Attitudes,” by M. Tapia and G. Marsh, III, 
2004, Academic Exchange Quarterly, 8(2), p. 17. 
 
 
Assigning a numerical weight allowed me to standardize and set up a range of 
values for each code to establish a plausible connection between the study’s qualitative 
data and the quantitative ATMI mean scores for these six students.  The integration of 
these different data types is discussed further in the Integration of Data section.   
Classroom observations.  During the five observations, students worked on the 
spreadsheet activities in pairs.  Data collected from the six study participants consisted of 
the video recordings and observation field notes obtained using the observation protocol 
(Appendix L).  In addition, students’ written work for each spreadsheet activity was 
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collected and used for verification of task completion and further investigation of their 
answers.  Hattie and Purdie (1998) assert that when students provide a rationale for their 
answers, it is easier to interpret at which level of understanding they are operating, as 
well as the conceptual understandings of the concept being developed.  The video files 
from these observations were viewed the audio recordings were transcribed and along 
with the observation field notes, imported into Dedoose.  Data from these observations 
was analyzed using the following two frameworks. 
The MSPE Framework (Technology as Master, Servant, Partner, and Extension-
of-Self) recommended by Goos, Galbraith, Renshaw, and Geiger (2000) was used to 
analyze students’ discussions of the spreadsheet technology during the observation 
activities.  Similar to the method used during the coding with the ATMI model, excerpts 
were created in Dedoose and assigned an “MSPE” code.  Each code was assigned 
weights of 1, 2, 3, or 4 to represent the four hierarchical MSPE levels.  Student use of the 
spreadsheet technology used at the Master level was assigned a weight of “1” with the 
other levels (Servant, Partner, Extension-of-Self) weighted accordingly with a value of 2, 
3 or 4, respectively.  Table 7 displays exemplars of student comments at each MSPE 
level.   
A subsequent line-by-line coding utilized the SOLO Taxonomy (Structure of the 
Observed Learning Outcomes) established by Biggs and Collis (1982).  During this 
analysis, coding was based on each student’s understanding and sense making of the 
mathematical concept presented during these observations and later in the study—the  
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Table 7 
MSPE Descriptions and Exemplars of Student Comments at Each Level 
 
MSPE 
Level 
Description Student Comment 
 
1. Master 
 
The student is subservient to the 
technology – a relationship induced 
by technological (limited operations 
used) or mathematical dependence 
(blind consumption of whatever 
output generated, irrespective of 
accuracy and worth). 
 
 
Technology can often confuse the issue because 
it uses different conventions and symbols than I 
normally use. 
 
Sometimes you can rely on the technology too 
much and then not understand the full process. 
2. Servant Technology is used as a reliable 
timesaving replacement for mental, or 
pen and paper computations. Student 
“instructs” the technology as an 
obedient but “dumb” assistant. 
I much prefer technology because of its 
efficiency. The work can be done much quicker 
and there’s less chance of making mistakes in 
your calculations. 
 
I use it to display everything in a neater and 
more succinct manner. 
 
3. Partner Students often appear to interact 
directly with the technology, treating 
it almost as a human partner that 
responds to their commands – for 
example, with error messages that 
demand investigation. The technology 
acts as a surrogate partner as students 
verbalize their thinking in the process 
of locating and correcting such errors. 
 
I can do problems that I usually wouldn’t be able 
to do myself because I lack some of the basic 
skills. 
 
Seeing the different examples graphically helps 
you to understand the whole concept and makes 
you think on a wider scale. It helps to make the 
connection between the different ways of 
looking at a problem. 
 
 
4. Extension-
of-Self 
Students incorporate technological 
expertise as an integral part of their 
mathematical repertoire. Technology 
is used to support mathematical 
argumentation as naturally as 
intellectual resources. 
 
Technology allows you to expand ideas and to 
do the work your own way. 
 
You have much more freedom to explore and go 
deeper into a problem. 
Note. Adapted from “The Master, Servant, Partner, Extension-of-Self Framework in 
Individual, Small Group and Whole Class Contexts,” by V. Geiger (2005), in R. Hunter, 
B. Bicknell, & T. Burgess (Eds.), Crossing Divides. (Proceedings of the Thirty-Second 
Conference of the MERGA, p. 205). Sydney, NSW: MERGA. 
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post-instruction interview.  Similar to the four MSPE categories, the five SOLO levels 
(Prestructural, Unistructural, Multistructural, Relational, and Extended abstract). are 
hierarchical in nature.  Thus, they were weighted with the values of 1, 2, 3, 4, or 5, with a 
weight of “1” assigned to the Prestructural level.  Table 8 displays exemplars of student 
comments at each SOLO level.   
 
Table 8 
SOLO Descriptions and Exemplars of Student Comments at Each Level 
 
SOLO 
Level 
Description Student Comment 
 
1. Prestructural 
 
Students do not understand 
the given problem; have no 
knowledge of the concept. 
 
I have no idea what I’m even supposed to do here 
or what these symbols even mean. 
 
I did that because that’s what you’re supposed to 
do. 
 
2. Unistructural Students learn one relevant 
aspect of the whole. 
I know which formula to use, but don’t know why 
I’m supposed to use that one. 
 
I understand how to use the formula and get the 
right answer, but I don’t understand what these 
values have to do with the graph. 
 
3. Multistructural Students learn several 
relevant independent 
aspects of the whole. 
I understand how to use the formula and get the 
right answer, and I can use the points to make the 
graph, but I don’t understand how the formula and 
the graph are connected. 
 
4. Relational Students learn to integrate 
several different aspects 
into a structure. 
 
I can use the formula to generate this table and 
make the graph.  I see how all of these different 
ways relate to each other. 
5. Extended Abstract Students can generalize 
what they learn into a new 
area of knowledge. 
I can take all of the information I learned about this 
problem and use it to help me solve a problem that 
I’ve never seen before. 
Note. Adapted from Evaluating the Quality of Learning. The SOLO Taxonomy (Structure 
of the Observed Learning Outcomes) (pp. 24-25), by J. B. Biggs and K. F. Collis, 1982, 
New York, NY: Academic Press. 
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While observing these activities, I noticed (and heard on the audio recordings) the 
student discussion sometimes focused on the mathematical content, while other times 
there was apparent frustration when using the spreadsheets.  Therefore, an emergent 
framework—not based on an existing theoretical model—was also utilized depicting the 
three different ways the class time was spent by each pair of students: On task (talking or 
working on the activity), Technology issues (discussing the use of, or problems with, the 
spreadsheet technology), and Off task.  This analysis is presented as proportions of the 
total class time in Chapter 4.   
Post-instruction Perceptions and Beliefs about Mathematics Survey (Post-
PBMS).  Analysis of the qualitative data collected using the open-ended questions from 
the Post-PBMS was analyzed only for the students (n = 6) participating in the qualitative 
phase of the study.  As with the Pre-PBMS questions, these questions were used as 
starting points for each student’s semi-structured individual interview. 
Post-instruction individual interviews.  Similar to the pre-instruction 
interviews, the six interview videos were viewed and the audio recordings were 
transcribed, imported into Dedoose, and coded using the four ATMI weighted factors.  
This again enabled the setup of a range of values for each code to establish a plausible 
connection between the study’s qualitative data and the Low and High quantitative Post-
ATMI mean scores.  The integration of these data is discussed further in the Integration 
of Data section.   
Furthermore, in light of the fact that each student used the spreadsheet technology 
to work on two activities during this final interview, the MSPE Framework and the 
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SOLO Taxonomy were also used to code the data in the same way they were was used to 
code the data from the classroom observations.  The analyzed qualitative data acquired 
with the MSPE Framework and SOLO Taxonomy were used to answer the following 
questions: 
2a.  How do students perceive the spreadsheet-based learning environment as 
contributing to their conceptual understandings and sense makings of the 
content?   
3.  How do students’ perceptions of their own mathematical efficacies align with 
those demonstrated during the spreadsheet problem solving activities?   
Using different methods to collect the qualitative data regarding students’ 
perceptions and beliefs about mathematics (i.e., pre- and post-instruction interviews and 
classroom observations) allowed for a richer view of students’ perceptions as well as a 
way of ensuring the validity of the qualitative phase of my study.  Denzin (1970) refers to 
this as within-method triangulation in that the analysis involves the use of a variety of the 
same method to investigate the issue of students’ perceptions and beliefs about 
mathematics.   
Integration of Data   
Integration of the analyzed data was done using the three different models 
(ATMI, MSPE, and SOLO) and different joint displays (Creswell & Plano Clark, 2011).  
A joint display arrays both quantitative and qualitative data so the two sources can be 
directly compared; the display “merges the two forms of data” (p. 226).  
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The first integration consisted of the quantitative data analyzed from the Pre-
ATMI mean scores and the weighted attitude codes that emerged from the qualitative 
data collected from the pre-instruction interviews.  Weighting these qualitative attitude 
codes is a form of data conversion known as quantitizing.  This process allows for the 
conversion of qualitative data into numbers that can be analyzed (Tashakkori & Teddlie, 
2009, p. 27).  A second form of data conversion, “qualitizing” (Tashakkori & Teddlie, 
2003, p. 9), took place when each quantitative Pre-ATMI mean score was categorized as 
Low with a mean score [1, 2⅓], as Middle with a mean score (2⅓, 3⅔), or as High with a 
mean score [3⅔, 5].  Prior to uploading the data into Dedoose, the overall Pre-ATMI 
mean score and each factor mean score was qualitized for each of the six      
purposefully-selected students.  Qualitizing the numerical data in this way enabled the 
use of an Option List as a Descriptor Field Type in Dedoose to analyze the data.  Using 
Option Lists allowed for the “broadest and most flexible use of the analytical 
visualization” in Dedoose (Dedoose, 2013).  This simplest form of mixed data analysis 
takes a distribution of numeric data and generates separate narrative categories based on 
ranges of values within the distribution (Tashakkori & Teddlie, 2009).  For example, 
Craig’s Pre-ATMI mean score for the Self-confidence factor was 1.47 and was labeled as 
“Low,” while his Pre-ATMI mean score for the value factor was 2.50 and labeled as 
“Middle.”  These qualitized values were then integrated with the mean code weights 
(MCW) generated from the qualitative data for each of the corresponding ATMI factors.    
A similar integration was done using the Post-ATMI data and the codes generated 
from the data collected during the post-instruction interviews with the same six students.  
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Integrating the analyses from both types of data allowed for the investigation of possible 
similarities among and differences between the quantitative scores and students’ 
perceptions of their attitudes toward mathematics.  Performing these integrations before 
and after the instruction phase allowed me to note changes not only in ATMI mean scores 
but also changes in students’ perceptions of these attitudes.   
The merging of the analyses of the qualitative and quantitative data was used as a 
form of methodological triangulation of the data (Denzin, 1970). Denzin refers to this as 
between-method triangulation such that the analysis involved results gathered from both 
the quantitative Likert-type data and the opened-ended questions.  Looking at the data 
through both lenses provided an opportunity to observe possible convergent findings 
(Bryman, 2006).  The results from this data integration sought to answer the second 
research question: 
2b. How do students perceive the spreadsheet-based learning environment as 
contributing to their attitudes toward mathematics?  Specifically, how do 
students’ perceptions of their experiences support or challenge the quantitative 
ATMI results?  
Validity and Reliability 
In qualitative research, as compared to quantitative research, there is more focus 
on validity than reliability (Lincoln & Guba, 1985).  Although validation techniques also 
differ in both approaches, the purpose of validation is to check the quality of the data, the 
results, and the interpretation of the results to determine whether this interpretation of the 
results is accurate, credible, and trustworthy (Creswell & Plano Clark, 2011).  Two of the 
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main strategies that can be used to increase the internal validity, or the credibility, of 
research findings are triangulation and member checking (Merriam, 2009).  Multiple 
methods and multiple sources of data types were used as a form of triangulation as 
proposed by Denzin (1978).  Multiple methods triangulation entails using different 
methods of data collection; in my study the Pre- and Post-PBMS/ATMI, classroom 
observations and individual interviews were employed to collect data.  Observations from 
the classroom were checked with survey results as well as with what was observed and 
heard during student interviews.  In addition, multiple sources of data were compared and 
crosschecked; observations took place several different times during the instructional 
period and interviews were conducted both before and after the instructional period.  
These different sources of data provided different perspectives from different people.  
Specifically, they offered perspectives from students beginning the semester with more 
negative attitudes toward mathematics, and those with attitudes that were more positive.  
These student perspectives may or may not have changed over the course of the 
instructional period. 
Another strategy used to promote validity in this study is that of member 
checking.  Maxwell (2005) describes member checking as the “single most important 
way of ruling out the possibility of misinterpreting the meaning of what participants say 
and do and the perspective they have on what is going on, as well as being an important 
way of identifying your own biases and misunderstanding of what you observed” (p. 
111).  The member checking process involved inviting each of the six students to come to 
my office to read the notes and transcriptions from the initial interview and classroom 
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observations to determine if the interpretations of their responses and actions “rings true” 
(Merriam, 2009, p. 217).  Of the six students who participated in this qualitative phase of 
the study, only two students reviewed the notes and transcriptions during the final part of 
the semester.  Neither student had suggestions as to necessary revisions or additions to 
my interpretation of their comments and actions.  Member checking also took place 
during each of the post-instruction interviews.  During these interviews, students were 
offered the opportunities to discuss further their experiences during the semester.    
The reliability or dependability of a quantitative study is based on consistency and 
stability over time without regard to researcher or methods (Wiersma & Jurs, 2009).  The 
quantitative data in this study were collected using the ATMI (Tapia, 1996) which has 
high internal reliability and was validated for college-aged mathematics students (Tapia 
& Marsh, 2005).  Reliability is not a main focus of qualitative research, however, the 
frameworks used to analyze the qualitative data (ATMI, MSPE and SOLO) and the 
coding employed while analyzing this data was done in such a way as to allow a different 
researcher to use these same frameworks to replicate the findings.   
Summary of Chapter 3 
This chapter discussed the methods utilized for the data collection and analyses 
for this current study.  Viewing the classroom through a sociocultural lens allowed for 
investigation of how students use discourse as well as the digital spreadsheet technology 
to construct meaningful mathematics.  Investigating and exploring students’ attitudes 
through surveys, individual interviews, and classroom observations allowed for 
investigation of these attitudes using multiple methods and different lenses.  For students 
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to be motivated to learn and conceptually understand mathematics, they must construct 
sense-making connections with what they already know both inside and outside the 
mathematics classroom. 
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CHAPTER IV 
RESULTS 
Overview 
This study examined the impact a spreadsheet-based learning environment has on 
students’ attitudes toward mathematics within a Mathematics with Applications course.  
In addition, the study examined the impact such an environment has on students’ sense 
makings and conceptual understandings of a variety of mathematics topics.  Topics 
included linear, exponential, and quadratic functions and financial mathematics. Specific 
methods of data collection and analysis were presented in Chapter 3.  Because some of 
the research questions addressed in this study are interrelated, the results and 
interpretations of the analyzed data are not presented by question, but rather by the three 
main topics: attitudes toward mathematics, the use of the spreadsheet technology, and the 
understanding of the mathematics. 
Students’ Attitudes Toward Mathematics 
The following section presents the quantitative, qualitative, and integrated 
findings as they pertain to students’ attitudes towards mathematics.  These results  
addressed the following research questions: 
1. Does the use of a spreadsheet-based learning environment in an 
undergraduate Mathematics with Applications course affect students’ 
attitudes toward mathematics as measured on the Attitudes Toward 
Mathematics Inventory (ATMI)?  
151 
 
2b. How do students perceive the spreadsheet-based learning environment as 
contributing to their attitudes toward mathematics?  Specifically, how do 
students’ perceptions of their experiences support or challenge the 
quantitative ATMI results? 
Quantitative Data Results  
To answer these questions regarding students’ attitudes toward mathematics, 
descriptive statistics for both the Pre-ATMI and Post-ATMI data (n = 36) were calculated 
using Excel.  These statistics included the means and standard deviations for each of the 
four individual factors (i.e., Self-confidence, Value, Enjoyment, and Motivation) and the 
weighted mean for all four factors combined.  As described in Curtis (2006) and Sisson 
(2011), the overall weighted mean was obtained as follows: the mean of each factor was 
multiplied by the number of ATMI inventory items for the corresponding factor, and then 
the four products were added together and divided by 40.  The ATMI contains 15 items 
relating to Self-confidence, 10 items relating to Value of mathematics, 10 items relating 
to Enjoyment of mathematics, and 5 items relating to Motivation.  Matched pairs t-tests 
were also conducted to determine if a significant change existed between the Pre-ATMI 
(pre-instruction) mean score and the Post-ATMI (post-instruction) mean score for each of 
the four factors, and whether a significant change existed between the Pre-ATMI overall 
(all factors) weighted mean and the Post-ATMI overall weighted mean.  Table 9 presents 
the analysis of this data. 
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Table 9 
Descriptive Statistics and Matched Pairs t-test Results for Pre- and Post-ATMI Change 
Scores for the ATMI factors 
 
 
Pre-
ATMI 
Mean 
Pre-
ATMI 
SD  
Post-
ATMI 
Mean 
Post- 
ATMI 
SD 
Mean 
Change 
Score 
Matched 
Pairs 
t-value 
p-value 
Self-confidence 3.36 1.33 3.49 1.32 0.13 1.23 0.23 
Value 3.91 0.99 3.82 1.09 -0.09 -1.42 0.16 
Enjoyment 3.28 1.47 3.26 1.44 -0.02 -0.22 0.83 
Motivation 2.98 1.48 2.89 1.44 -0.09 -1.21 0.23 
All factors 3.43 1.34 3.44 1.35 0.01 0.18 0.86 
 
The Pre-ATMI weighted mean for all factors was 3.43; the Post-ATMI weighted 
mean for all factors was only 3.44.  Even though there was a slight increase in the overall 
attitude mean (0.01), it was clearly not a statistically significant change in attitude as 
measured quantitatively.  Examination of the Pre- and Post-ATMI weighted mean scores 
for each of the four individual factors indicated both positive and negative non-significant 
differences.  The Pre-ATMI mean score for the Self-confidence factor was 3.36, whereas 
the Post-ATMI mean score for Self-confidence was 3.49, resulting in the only positive 
(non-significant) mean change score of 0.13.  Results for the remaining three factors, 
however, indicate a non-significant negative change in mean scores for Value, 
Enjoyment, and Motivation (-0.09, -0.01, and -0.09, respectively).       
Although Tapia (2004) determined internal consistency and reliability for the 
ATMI inventory as well as for the four factors, it was not stated in the study whether 
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reliability was determined for the 40 individual ATMI items.  Other studies, however 
[e.g., Curtis (2006) and Czaplewski (2014)], calculated matched pairs t-tests to determine 
if significant changes existed from the Pre-ATMI to the Post-ATMI for the individual 
inventory items.  In the event that reliability for these 40 individual items was ensured, 
Appendix N lists the matched pairs statistical analysis using the Pre- and Post-ATMI 
mean score for each individual inventory item per factor.      
These quantitative results were also explored by looking at the percentage of 
responses (Strongly Disagree, Disagree, Neutral, Agree, and Strongly Agree) for each 
Pre-ATMI and Post-ATMI item (Appendix P).  Juxtaposing the values from these two 
displays allowed for examination of the relationship between the percentage of responses 
for each item and the mean score of the item.  Further inspection of the percent responses 
for the Pre-ATMI Self-confidence factor shows 10 of the 15 items soliciting responses of 
Strongly Agree or Agree (or Strongly Disagree or Disagree for the nine reversed items, 
described earlier) at least 50% of the time.  Post-ATMI responses for these same 10 items 
also resulted in Strongly Agree or Agree (or Strongly Disagree or Disagree for the nine 
reversed items) at least 50% of the time.  In effect, there was little room for positive 
growth in the majority of the items representing the Self-confidence factor.   
A closer look at the Pre- and Post-ATMI mean scores and the change scores for 
each of the six participants is presented in Table 10.  In addition, each participant’s Pre- 
and Post-ATMI mean score is labeled as Low (L) with a mean score [1, 2⅓], as Middle 
(M), with a mean score (2⅓, 3⅔), or as High (H) with a mean score [3⅔, 5].  Using these  
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Table 10 
Pre- and Post-ATMI Mean Scores and ATMI Change Scores for Study Participants 
 
Craig Jordan Kelsey Sheila Teresa Valerie 
Self-confidence (pre) 1.47 (L) 1.20 (L) 4.07 (H) 4.60 (H) 1.67 (L) 4.60 (H) 
Self-confidence (post) 1.60 (L) 1.33 (L) 3.80 (H) 4.73 (H) 2.60 (M) 4.73 (H) 
Self-confidence (change) 0.13 0.13 -0.27 0.13 0.93 0.13 
t-value 0.69 1.47 -2.26 1.00 5.14 1.00 
p-value 0.499 0.164 0.041* 0.334 0.0002* 0.334 
% increase/decrease 8.8% 10.8% -6.6% 2.8% 55.7% 2.8% 
       
Value (pre) 2.50 (M) 2.30 (L) 4.10 (H) 4.90 (H) 3.30 (M) 4.70 (H) 
Value (post) 1.90 (L) 2.30 (L) 4.10 (H) 5.00 (H) 3.40 (M) 4.80 (H) 
Value (change) -0.60 0.00 0.00 0.10 0.10 0.10 
t-value -2.71 0.00 0.00 1.00 0.26 1.00 
p-value 0.024* 1.000 1.000 0.343 0.798 0.343 
% increase/decrease -24.0% 0.0% 0.0% 2.0% 3.0% 2.1% 
       
Enjoy (pre) 1.20 (L) 1.30 (L) 3.30 (M) 5.00 (H) 1.30 (L) 5.00 (H) 
Enjoy (post) 1.20 (L) 1.00 (L) 3.20 (M) 5.00 (H) 1.90 (L) 4.80 (H) 
Enjoy (change) 0.00 -0.30 -0.10 0.00 0.60 -0.20 
t-value 0.00 -1.96 -0.43 0.00 3.67 -1.50 
p-value 1.000 0.081 0.678 1.000 0.005* 0.168 
% increase/decrease 0.0% -23.1% -3.0% 0.0% 46.2% -4.0% 
       
Motivation (pre) 1.00 (L) 1.00 (L) 3.20 (M) 5.00 (H) 1.00 (L) 4.80 (H) 
Motivation (post) 1.00 (L) 1.20 (L) 2.80 (M) 4.40 (H) 1.20 (L) 4.40 (H) 
Motivation (change) 0.00 0.20 -0.40 -0.60 0.20 -0.40 
t-value 0.00 1.00 -0.78 -2.45 1.00 -1.63 
p-value 1.000 0.374 0.477 0.070 0.374 0.178 
% increase/decrease 0.0% 20.0% -12.5% -12.0% 20.0% -8.3% 
(table continues)  
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Table 10 (Continued) 
Pre- and Post-ATMI Mean Scores and ATMI Change Scores for Study Participants 
 
Craig Jordan Kelsey Sheila Teresa Valerie 
All Factors (pre) 1.60 (L) 1.48 (L) 3.78 (H) 4.83 (H) 1.90 (L) 4.75 (H) 
All Factors (post) 1.50 (L) 1.48 (L) 3.60 (M) 4.83 (H) 2.45 (M) 4.73 (H) 
All Factors (change) -0.10 0.00 -0.18 0.00 0.55 -0.02 
t-value -0.81 0.00 -1.74 0.00 4.11 -0.33 
p-value 0.421 1.000 0.090 1.000 0.0002* 0.743 
% increase/decrease -6.3% 0.0% -4.8% 0.0% 28.9% -0.4% 
Note. *significant at p < .05. ATMI mean scores are identified as Low (L), [1, 2⅓,]; 
Middle (M), (2⅓, 3⅔); and High (H), [3⅔, 5].   
 
 
three intervals to categorize the mean scores for each factor allowed this data to be 
integrated with the qualitative attitude data, as described in Chapter 3.   
As indicated in Table 10, Kelsey’s change score resulted in a significant negative 
change for the Self-confidence factor (p = 0.041); however, Teresa’s change score for 
this same factor indicated a significant positive change (p = 0.0002).  Craig’s change 
score for the Value factor resulted in a significant negative change (p = 0.024), and 
Teresa’s change score for the Enjoyment factor resulted in a significant positive change 
(p = 0.005).  Teresa was also the only participant whose overall factor mean scores 
indicated a significant increase between the Pre- and Post-ATMI mean scores (p = 
0.0002).  
Looking at all 24 the percent changes for the six participants across the four 
individual factors indicates that about eight, or 33%, resulted in a percent decrease.  
Table 10 provided a tabular look at the results, however, presenting the data in a 
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graphical format (Figure 8) highlights the change between the Pre- and Post-ATMI mean 
scores (all factors) for all six participants. 
 
 
Figure 8. Overall (all factors) Pre- and Post-ATMI mean scores for all participants.  
Scores range from 1 to 5, inclusive. 
 
As illustrated in Figure 8, there was very little or no change between Jordan, 
Sheila, and Valerie’s Pre-ATMI mean scores at the beginning of the study and the Post-
ATMI mean scores at the end of the study (0%, 0%, and -0.42%, respectively); however, 
there was a slight decrease in these same mean scores for Craig and Kelsey (-6.25% and -
4.76%, respectively) and a 29% increase in the Pre- and Post-ATMI mean scores for 
Teresa.   
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Further examination of the Pre- and Post-ATMI mean scores for the four factors 
(Self-confidence, Value, Enjoyment, and Motivation), and each participant individually, 
is displayed in Figures 9 through 14.  As detailed in Chapter 3, ATMI mean scores were 
categorized as Low with a mean score [1, 2⅓], as Middle, with a mean score (2⅓, 3⅔), or 
as High with a mean score [3⅔, 5]. 
 Craig’s overall (all factors) Pre-ATMI mean score at the beginning of the study 
(1.60) placed him in the Low Pre-ATMI category (Figure 9).  Upon further inspection of 
the individual factors, his Pre-ATMI mean score for the Value factor (2.50) was the only 
mean score in the Middle range, with the other three factor mean scores in the Low range.  
This Value factor mean score, however, dropped back into the Low category at the end of 
the semester with a Post-ATMI Value factor mean score of only 1.90—a decrease of 
24%.  Craig was the only one of the six participants whose mean score resulted in a 
negative change (-0.60) for the Value factor.  Pre- and Post-ATMI mean scores for the 
remaining factors (Self-confidence, Enjoyment, and Motivation) were all in the Low 
range.  At the end of the study, Craig’s overall Post-ATMI mean score dropped to 1.50 (a 
6.25% decrease).  His mean scores for Enjoyment and Motivation stayed the same (1.20 
and 1.00, respectively), but his factor mean score for Self-confidence increased from 1.47 
to 1.60 (an 8.8% increase).  This was the only positive mean change score among all 
factors for Craig. 
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Figure 9. Pre- and Post-ATMI mean scores across all factors for Craig.  (SC = Self-
confidence, V = Value, E = Enjoyment, M = Motivation)  Scores range from 1 to 5, 
inclusive. 
 
 Along with Craig, Jordan was another student placed in the Low Pre-ATMI 
category, based on his Pre-ATMI weighted mean of 1.48 (Figure 10).  This overall (all 
factors) weighted mean remained unchanged at the culmination of the study.  His factor 
mean score for Self-confidence increased by 0.13 (a 10.8% increase), and his Motivation 
mean score increased 20% from the Pre-ATMI mean score of 1.00 to the Post-ATMI 
mean score of 1.20.  Jordan’s Value mean score, which was his highest factor mean 
score, stayed the same (2.30), and his Enjoyment mean score was the only one which 
resulted in a decrease (23%) in the mean change score. 
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Figure 10. Pre- and Post-ATMI mean scores across all factors for Jordan.  (SC = Self-
confidence, V = Value, E = Enjoyment, M = Motivation)  Scores range from 1 to 5, 
inclusive. 
 
Kelsey was one of the three participants selected for this study based on her high 
Pre-ATMI mean score of 3.78.  Although two of her individual factor mean scores,    
Self-confidence with a Pre-ATMI mean of 4.07 and Value with a Pre-ATMI mean of 
4.10 were also categorized as High, her Pre-ATMI mean scores for the Enjoyment and 
Motivation factors (3.30 and 3.20, respectively) placed her in the Middle category 
(Figure 11).  Upon completion of the study, Kelsey’s Self-confidence score (3.80) 
remained in the High group although it decreased by 6.6% and her Value score (4.10) 
remained unchanged.  There was a decrease in Kelsey’s scores for both the Enjoyment 
mean score (3.20) and the Motivation mean score (2.80), which resulted in a decrease of 
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Figure 11. Pre- and Post-ATMI mean scores across all factors for Kelsey.  (SC = Self-
confidence, V = Value, E = Enjoyment, M = Motivation)  Scores range from 1 to 5, 
inclusive. 
 
 
3% and 12.5%, respectively.  Her Post-ATMI mean scores for Enjoyment and Motivation 
were again classified as Middle scores.  Kelsey’s overall (all factors) Post-ATMI mean 
score resulted in a 4.8% decrease from the Pre-ATMI overall mean score, which brought 
her mean score down into the Middle category.  When comparing change scores across 
the four factors it is interesting to note that Kelsey was the only one of the six participants 
whose Self-confidence mean score resulted in a negative change (0.27).  This was a 
decrease of 6.6% for the Self-confidence factor.  
Sheila had the highest Pre-ATMI weighted mean score (4.83) of all six 
participants (Figure 12).  This Post-ATMI weighted mean score remained unchanged at 
the end of the study.  All of her mean scores were categorized as High.  The Pre-ATMI 
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Enjoyment mean score of 5.00—the highest possible score—also remained unchanged.  
Even though her Pre-ATMI mean score for Motivation was also a 5.00, this score 
decreased by 12% to a Post-ATMI mean score of 4.40.  Shelia’s Post-ATMI mean score 
for Self-confidence resulted in an increase of 0.13 and her Post-ATMI Value mean score 
increased by 0.10.  These represent increases of 2.8% and 2% for the Self-confidence and 
Value factors, respectively. 
 
Figure 12. Pre- and Post-ATMI mean scores across all factors for Sheila.  (SC = Self-
confidence, V = Value, E = Enjoyment, M = Motivation)  Scores range from 1 to 5, 
inclusive. 
 
 
 Teresa was chosen as a study participant based on her Low Pre-ATMI mean score 
of 1.90, however, her Post-ATMI mean score (2.45) was the only one of the six 
participants’ scores which placed into the next higher—Middle—category (Figure 13).   
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Figure 13. Pre- and Post-ATMI mean scores across all factors for Teresa.  (SC = Self-
confidence, V = Value, E = Enjoyment, M = Motivation)  Scores range from 1 to 5, 
inclusive. 
 
This increase of 0.55 represented a 28.9% increase—the largest increase of all 
participants for this overall ATMI mean score.  Three of Teresa’s four factor Pre-ATMI 
mean scores (Self-confidence, 1.67; Enjoyment, 1.30, and Motivation, 1.00) were 
categorized as Low with the Pre-ATMI Value factor score of 3.30, the only one 
categorized as a Middle score at the commencement of the study.  All of Teresa’s factor 
mean scores resulted in positive increases from the Pre-ATMI to the Post-ATMI mean 
scores.  Her positive change scores for the Self-confidence, Value, Enjoyment, and 
Motivation factors were 0.93, 0.10, 0.60, and 0.20, respectively.  Teresa’s positive 
changes reflect a 55.7% increase for the Self-confidence mean score, a 3% increase for 
the Value mean score, a 46.2% increase for the Enjoyment mean score, and a 20% 
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increase for the Motivation mean score.Along with Kelsey and Sheila, Valerie’s Pre-
ATMI mean score was categorized as High, based on her score of 4.75 (Figure 14).  
There was a slight decrease in this score (0.4%) at the end of the study.  All of Valerie’s 
scores for the four factors (Self-confidence, Value, Enjoyment, and Motivation) were in 
the High category for both the Pre-and Post-ATMI mean scores.  Two of her Post-ATMI 
mean scores resulted in positive changes from the Pre-ATMI mean score to the          
Post-ATMI mean score:  Self-confidence with an increase of 0.13 from the Pre-ATMI 
 
 
Figure 14. Pre- and Post-ATMI mean scores across all factors for Valerie.  (SC = Self-
confidence, V = Value, E = Enjoyment, M = Motivation)  Scores range from 1 to 5, 
inclusive. 
 
mean score to the Post-ATMI mean score (a 2.8% increase) and Value with an increase 
of 0.10 between the Pre-and Post-ATMI mean scores (a 2.1% increase).  On the other 
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hand, two of Valerie’s Post-ATMI mean scores resulted in negative changes from the 
Pre-ATMI mean scores: Enjoyment with a decrease of 0.20 from the Pre-ATMI mean 
score to the Post-ATMI mean score (a 4% decrease) and Motivation with a negative 
change of 0.40 between the Pre-and Post-ATMI mean scores—a 8.3% decrease. 
Qualitative Data Results  
The qualitative data used to explore students’ perceptions of their attitudes toward 
mathematics consisted of the data collected and analyzed from the pre- and post-
instruction interviews and the five classroom observations.  The following tables contain 
examples of student comments made during the pre- and post-instruction individual 
interviews.  Comments were organized based on the four established factors (Self-
confidence, Value, Enjoyment, and Motivation) developed by Tapia (1996).  The 
comments are also listed in the appropriate table column based on the participants’ mean 
scores categories: Low [1, 2⅓], Middle (2⅓, 3⅔), and High [3⅔, 5].  Table 11 provides 
examples of comments from the pre-instruction interviews and Table 12 lists examples of 
comments from the post-instruction interviews.  Those comments that are unexpected or 
inconsistent with a particular ATMI level are noted in italics.  For example, Valerie, who 
scored in the high level on the Pre-ATMI for the Value factor commented, “Lots of times 
in my class we were always asking ourselves, ‘When am I gonna use this?’”—an 
unexpected comment for a student scoring high on the Value factor. 
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Table 11 
Examples of Student Comments From Pre-Instruction Interview Categorized by the        
Pre-ATMI Factor Mean Score  
 
 
Self-confidence Pre-ATMI Mean Score 
 
Low 
 [1, 2⅓] 
 
Middle 
 (2⅓, 3⅔) 
 
High 
 [3⅔, 5] 
 
I’m not a good mathematics 
student.  I hate it with all of 
my being.  (Craig) 
I start to care less about 
doing homework.  I just 
figured, I’m going to be 
getting it wrong, so why 
should I take the time to do 
it? (Craig) 
 
When you have to go from 
one formula to another, it 
just confuses me.  I mix up 
the formulas and do things I 
shouldn’t and get crazy 
numbers. (Jordan) 
 
Math is my worse subject; I 
have a difficult time getting 
it all to click in my brain. 
(Jordan) 
 
Math just kind of gets 
jumbled in my head. 
(Teresa) 
 
I like having a formula, but 
only if I know exactly 
where to put everything. 
(Teresa) 
 
 
(No student comments in this 
interval for the Self-confidence 
factor.) 
 
I am generally comfortable with the 
subject matter but just a touch 
rusty with some of the material.  I 
remember calculus being the drop-
off point for me…it eventually just 
became too abstract and I told 
myself I really didn’t understand 
the material anymore. (Kelsey) 
 
I’ve just always liked math and 
have always been pretty good at it.  
I’m very comfortable with most 
subject matter. (Sheila) 
 
I’m a good math student. (Valerie) 
 
 
 
(table continues) 
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Table 11 (continued) 
Examples of Student Comments from Pre-Instruction Interview Categorized by the        
Pre-ATMI Factor Mean Score  
 
 
Value Pre-ATMI Mean Score 
 
Low 
 [1, 2⅓] 
Middle 
 [1, 2⅓] 
High 
 [1, 2⅓] 
If I can see a real-life use 
for it, if I can apply it 
somewhere, it’s helpful.  
Otherwise, there’s no real 
reason for me to ever be 
learning this stuff. (Jordan) 
 
I lost interest in most of my high 
school math classes because you 
really couldn’t see how it related to 
what you were doing in other 
classes.  I thought, “Why am I 
taking all of these math classes if 
all I’ll probably ever be using in the 
future is statistics?” (Craig) 
 
The only math I ever use is usually 
just simple addition and 
subtraction, but nothing that I could 
take from the classroom and apply 
it to my life.  (Craig) 
 
I think reading graphs, both in math 
and science and even in history is 
important.  It’s also important to be 
able to know what a graph means 
when you see one in the news or 
somewhere else. (Teresa) 
I think math is completely essential 
to the growth and development of 
our society. (Kelsey) 
 
I think that taking Calculus, even 
though I don’t remember much of 
it, is important because of the 
higher-thinking skills.  Being able 
to think that way will help you 
even when you’re not doing the 
math. (Kelsey) 
 
It’s helping me to choose my 
major…finance. (Shelia) 
 
Some of the problems I’ve done in 
class are hard for me to see where 
I might ever use them outside of 
class. (Sheila) 
 
Lots of times in my class we were 
always asking ourselves “When am 
I gonna use this?” (Valerie) 
 
 
 
 
 
 
(table continues) 
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Table 11 (continued) 
Examples of Student Comments from Pre-Instruction Interview Categorized by the        
Pre-ATMI Factor Mean Score  
 
 
Enjoyment Pre-ATMI Mean Score 
 
Low 
 [1, 2⅓] 
Middle 
 [1, 2⅓] 
High 
 [1, 2⅓] 
I hate it with all of my being 
(Craig) 
Something I really dislike is 
having to learn a new topic 
every day.  Most of the time 
there didn’t even seem to be 
a connection between the 
topics. (Craig) 
 
I used to be pretty good at it 
and enjoyed it, until high 
school when things started 
getting more advanced and 
then the gradual dislike 
started. (Craig) 
 
I’ve never like it; it’s never 
been my thing. (Jordan) 
 
I do not find any part of 
math all that enjoyable.  It’s 
more enjoyable if it’s like a 
game. (Teresa) 
 
Some of the problems [in 
high school] had more real-
life use and not just a math 
problem that had nothing to 
do with me.  I can actually 
use the math problem 
somewhere. (Teresa) 
 
I enjoy learning about how the 
universe works through math. 
(Kelsey) 
 
We use to do a question of the week 
in high school.  They were extra 
credit, but they were enticing! 
(Kelsey) 
 
I love figuring out the answers to 
problems. (Sheila) 
 
I always liked the fact that you 
knew if you were right, if you had 
the right answer to a problem…not 
like English where you had no idea 
of what you’re trying to find out. 
(Sheila) 
 
I like the topics that were harder 
and that I had to work longer at, 
because when I finally got it, it 
made me happy! (Valerie) 
 
As soon as I get the basic concept 
of it and understand the topic being 
treated, I find it enjoyable. 
(Valerie) 
 
 
 
(table continues) 
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Table 11 (continued) 
Examples of Student Comments from Pre-Instruction Interview Categorized by the        
Pre-ATMI Factor Mean Score  
 
 
Motivation Pre-ATMI Mean Score 
 
Low 
 [1, 2⅓] 
Middle 
 [1, 2⅓] 
High 
 [1, 2⅓] 
There is really nothing that 
motivates me about math.  I 
try to avoid using math. 
(Craig) 
 
If I can apply it somewhere 
it’s helpful and I see a 
reason to try and learn it.  If 
I don’t see a real-life use 
for a certain type of math 
problem, I find no reason to 
even learn it. (Craig) 
 
Some stuff didn’t exactly 
click, so with it building on 
top of each other, it just got 
more and more of struggle 
to maintain a good grade in 
class. (Jordan) 
 
Like if something is harder 
to do, it’s harder to want to 
do because…I think you’re 
not as motivated to do it. 
(Teresa) 
 
I think a lot of times when I 
get frustrated with math I 
have a very bad attitude 
toward it and then I don’t 
want to do it, like I am very 
unmotivated to do it. 
(Teresa)  
 
I am motivated to learn math 
mainly through class requirement. 
(Kelsey) 
 
In high school, I used to do as much 
as I could personally to understand 
not just what the equation is and 
what it’s doing there, but why are 
we using this and why does it work? 
(Kelsey) 
My parents saved money for me for 
college since the day I was born.  
They shared that knowledge with 
me so I could watch the money 
grow in the bank, they also showed 
us how to budget. (Sheila) 
 
I love the challenge solving math 
problems gives me. (Sheila) 
 
My love for math is actually what 
motivates me to learn the subject.  I 
think the more you study a subject, 
the better you understand and the 
more you begin to love that 
particular subject and the better you 
perform in class. (Valerie) 
 
I want to make my parents proud. 
(Valerie) 
 
If you have low grades in subjects, 
you should be practicing more.  
When I got good grades, it 
encouraged me. (Valerie) 
Note.  Unexpected comments for ATMI levels are noted in italics.   
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Comments such as those in Table 11 from the pre-instruction interviews and in 
Table 12 from the post-instruction interviews are based on students’ perceptions personal 
viewpoints regarding each of the four ATMI factors (Self-confidence, Value, Enjoyment, 
Table 12 
Examples of Student Comments From the Post-Instruction Interview Categorized by the 
Post-ATMI Factor Mean Score  
 
Self-confidence and Value Post-ATMI Mean Score  
 
Low 
 [1, 2⅓] 
Middle 
 (2⅓, 3⅔) 
High 
 [3⅔, 5] 
I would describe myself as an 
above-average student in math. 
(Craig) 
 
I wasn’t a very good math 
student at the beginning of the 
semester and I’m still not very 
good. (Jordan) 
 
I don’t think I would bother 
doing it by hand if it wasn’t 
something I was really 
interested in, something that I 
could relate to…but Excel makes 
it a lot easier to see what would 
happen. (Craig) 
 
Math is used every day but only 
a certain level of math. (Craig) 
You need to see the relevance 
before you really want to learn 
any of it. (Jordan) 
 
I used to think that I was a lot 
worse at math then I truly am.  
(Teresa) 
 
I think my perception has changed 
a lot over the course of the 
semester, when I saw how some of 
the math in the activities could be 
used in real life situations. 
(Teresa) 
 
I think my perception has changed 
a lot over the course of the 
semester, when I saw how some of 
the math in the activities could be 
used in real life situations. 
(Teresa) 
 
I think what makes math 
interesting for some people and 
maybe not for others is how it 
relates to their live…some people 
find some things interesting while 
others don’t.  Different people 
have different interests. (Teresa) 
I believe I am still an average 
math student.  I know there are 
concepts I could learn better.  
(Kelsey) 
 
I have found some of the 
challenges I have come across 
can be easily solved using other 
methods.  (Sheila) 
 
I would describe myself as a 
good math student.  My 
perception toward math has not 
changed at all.  I still love the 
subject.  (Valerie) 
 
The math we learned this 
semester with the spreadsheet 
has plenty of real world 
applications like taking out and 
paying for loans and calculating 
interest, which can be used in 
plenty of real life situations. 
(Kelsey) 
 
The math I learned this semester 
has been extremely helpful.  It 
has helped me by developing 
certain skills and knowledge, 
which will help me make 
certain decisions in the future.  
(Valerie) 
 
(table continues)  
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Table 12 (Continued) 
Examples of Student Comments From the Post-Instruction Interview Categorized by the 
Post-ATMI Factor Mean Score  
 
Enjoyment and Motivation Post-ATMI Mean Score  
 
Low 
 [1, 2⅓] 
Middle 
 (2⅓, 3⅔) 
High 
 [3⅔, 5] 
While I generally still do not 
care for math, I enjoy using 
Excel and doing math through 
that program.  (Craig) 
 
I don’t find any part of math 
enjoyable.  I saw most of this 
stuff last year; this is my second 
time taking this class.  (Jordan) 
 
I still like the formulas that I’m 
given to use the best, like the 
ones we use to calculate the loan 
payments and the interest.  
(Teresa) 
 
I really looked forward to the 
days when we were doing these 
activities because I was 
generally interested in learning 
how some of the problems we 
did could be done using Excel.  
(Craig) 
 
There is nothing that motivates 
me to learn math.  (Jordan) 
Food and games are the best 
motivators for me to learn math.  
(Teresa) 
 
I think sometimes if you’re 
interested in the math, I think 
you’re more likely to be good at 
it and put forth the effort to 
maybe understand it better. 
(Teresa) 
I really do have fun when 
something presents a challenge.  
Solving a math problem can be 
like a little puzzle, and it can be 
gratifying to finally end on the 
correct answer. (Kelsey)   
 
Can I keep going and try some 
other values to see what I would 
need to pay? (Kelsey) 
 
It would have been harder to do 
some of the activities without the 
spreadsheet…I don’t think I 
would have wanted to figure it 
out.  I would have just gotten the 
answer close and that would be 
good enough. (Kelsey) 
 
I find all aspects of math 
enjoyable; I love the challenge. 
(Sheila) 
 
I enjoy every aspect of math 
because it’s my favorite subject. 
(Valerie) 
 
It’s the challenge that motivates 
me to learn math. (Sheila) 
 
One thing that motivates me is 
the fact you can know you’re 
very wrong just by looking at 
your answer…if it just doesn’t 
make sense for the problem.  
(Sheila) 
 
I like working with the 
spreadsheets.  In the beginning I 
struggled because it was new to 
me, however I used the 
YouTube lessons after class to 
help understand some of the 
things better.  I realized the 
more I knew how to work with 
it, the more I wanted to know 
about Excel and its numerous 
features. (Valerie) 
 
One thing that motivates me to 
learn math is the joy and 
happiness that I get whenever I 
solve a difficult math question 
correctly.  (Valerie) 
   
Note.  Unexpected comments for ATMI levels are noted in italics.  
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and Motivation).  These comments provided me with a deeper understanding of the 
students’ attitudes, or their perceptions of these attitudes, toward mathematics.  I also was 
able to use these comments to help determine if changes in students’ perceptions 
occurred over the course of the study, from the first classroom observation to the final 
activity during the post-instruction interview.  Such qualitative data provided me with 
information not accessible through analysis of the quantitative ATMI mean scores.  For 
example, on both the Pre-PMBS and the Post-PBMS, the question, “How would you 
describe yourself as a mathematics student?  (i.e., any struggles or challenges, comfort 
with the subject matter, etc.),” was intended to look at students’ self-confidences in 
mathematics.  The Pre-ATMI question that focused on the Value factor was, “In what 
ways has the mathematics you’ve previously learned been useful to you?”; while the 
Post-PBMS Value factor question was, “In what ways has the mathematics you’ve 
learned this semester been useful to you?”  The questions, “What are some things that 
motivate you to learn mathematics?” and “What aspect of math do you like or find 
enjoyable?” sought to gain insights into students’ perceptions of the Motivation and 
Enjoyment factors on both the Pre- and Post-PMBS surveys. 
Integrated Data Results  
During the pre- and post-instruction interviews, each student comment regarding 
one of the attitude factors (Self-confidence, Value, Enjoyment, and Motivation) was 
assigned a code weight (1 = negative comment, 2 = neutral comment, 3 = positive 
comment).  This is discussed in detail in Chapter 3.  Quantitizing (Tashakkori & Teddlie, 
2009) the qualitative comments in this manner provides a straightforward way in which 
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to merge the two types of data.  For example, Jordan’s response of “I’ve never liked it; 
it’s never been my thing,” was identified with the Enjoyment child code and assigned a 
weight of “1,” indicating a negative comment (Figure 15).   
 
 
Figure 15. Weighted parent and child code in Dedoose. 
 
 
Another example of a comment weighted with a score of “1” is Craig’s statement 
identified with the Self-confidence child code “I’m not a good mathematics student.”  
Jordan’s matter-of-fact response of “Finding how much to tip at a restaurant, that's about 
it.” when asked how previously-learned mathematics has been useful to him, was 
weighted with a neutral value of “2” and labeled with the Value child code.  Finally, an 
example of a positive comment weighted with a score of “3” and labeled with the 
Motivation child code would be Valerie’s comment of “I’m more motivated to do math 
when I understand the problem I’m working on.”  Quantitizing the data in this manner 
allowed me to explore any possible relationships between a student’s ATMI mean score 
and his or her own perceptions of these attitudes based on comments.  Although this was 
qualitative data, it was useful to quantitize it which allowed me to notice any shifts in 
attitudes from the beginning to the end of the instructional phase of the study. 
Table 10 presented the Pre- and Post-ATMI mean scores for the six participants.  
The pre- and post-interview mean code weights (Pre-MCW and Post-MCW, respectively) 
from the qualitative comments are displayed in Table 13.   
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Table 13 
Pre- and Post-Interview Mean Code Weights (Pre-MCW, Post-MCW) for Participants 
 
Craig Jordan Kelsey Sheila Teresa Valerie 
Self-confidence (Pre) 1.0 1.5 2.5 3.0 1.0 3.0 
Self-confidence (Post) 2.0 1.0 2.0 2.0 2.3 3.0 
% increase/decrease 100.0% -33.3% -20.0% -33.3% 130.0% 0.0% 
Value (Pre) 1.3 1.8 2.7 2.6 2.0 2.6 
Value (Post) 2.0 2.0 2.8 2.7 2.4 3.0 
% increase/decrease 53.8% 11% 3.7% 3.8% 20.0% 15.4% 
       
Enjoyment (Pre) 1.2 1.0 3.0 3.0 1.6 2.8 
Enjoyment (Post) 2.0 1.0 3.0 3.0 2.0 2.7 
% increase/decrease 66.7% 0.0% 0.0% 0.0% 25.0% -3.6% 
       
Motivation (Pre) 1.4 1.4 2.8 3.0 1.7 2.7 
Motivation (Post) 2.5 1.5 2.4 3.0 2.4 2.8 
% increase/decrease 78.6% 7.1% -14.3% 0.0% 41.2% 3.7% 
       
All Factors (Pre) 1.2 1.4 2.8 2.9 1.6 2.8 
All Factors (Post) 2.1 1.4 2.6 2.7 2.3 2.9 
% increase/decrease 75.0% 0% -7.1% -6.9% 43.8% 3.6% 
Note. Mean code weights (MCW) are based on the qualitative data and range from [1, 3] 
where 1 = negative comment, 2 = neutral comment, and 3 = positive comment.   
 
 
 In addition to the Pre- and Post-MCW, Table 13 displays the percent increase or 
decrease of each MCW.  Teresa had the greatest percent increase (130%) based on her 
comments coded for the Self-confidence factor.  Jordan, on the other hand, had the 
greatest percent decrease (-74.4%) based on his comments coded for the Value factor.  
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Craig had the highest percent increase (75.0%) for all combined factors, but Jordan, 
again, had the highest percent decrease (-51.7%) for these combined factors.  
Furthermore, only six of the 24 (25%) student attitude factors indicated more negative 
perceptions at the end of the instructional phase (i.e., Jordan - Self-confidence and Value, 
Kelsey - Self-confidence and Motivation, Sheila - Self-confidence, and Valerie - 
Enjoyment).  Both Craig’s and Teresa’s respective perceptions of their attitudes resulted 
in positive increases for all factors. 
A more in-depth integration of data regarding students attitudes toward 
mathematics allowed me to juxtapose participants’ Pre- and Post-ATMI mean scores with 
their corresponding Pre- and Post-MCW based on comments collected during the 
individual interviews.  While both the ATMI and the MCW measure students’ attitudes 
toward mathematics—more specifically, their perceptions of their attitudes toward 
mathematics—due to the different possible value ranges for each data set (ATMI mean 
scores ranged from 1 to 5 and the MCW assigned to the comments ranged from 1 to 3), 
all values were converted into proportions.  For example, as noted previously in Table 10, 
Craig’s overall (all factors) Pre-ATMI mean score was 1.60 out of a possible 5, which 
resulted in a proportion of 0.32 (derived from 1.60 ÷ 5).  His Pre-MCW from the pre-
instruction interview for all factors was 1.2 out of a possible 3 (from Table 13), which 
resulted in a proportion of 0.40.  These proportions allowed me to display and compare 
the values using the same scale (from zero to a maximum of one).   
Comparing in this manner led to some conflicting results between the analyses.  
For example, when comparing the individual factor Pre-ATMI proportions with the Pre-
175 
 
MCW proportions for all participants, less than 13% were within 0.05 of each other.  
Similar comparisons for the Post-ATMI and the Post-MCW showed less than 7% were 
within 0.05 of each other.  Generally, for those proportions differing by more than 0.05, 
the proportions for the MCW were higher than the proportions for the ATMI proportions 
almost 80% of the time. The corresponding proportions for all values for the six 
participants can be found in Appendix Q and in the following figures.   
Craig’s Pre-ATMI mean score and his Post-ATMI mean score was in the Low 
range (Table 10).  Only his initial Value factor score was in the Middle range.  It 
appeared, however, in both our pre-instruction interview and more so in our post-
instruction interview that his comments regarding his attitudes toward mathematics were 
generally more positive than indicated in his actual ATMI mean scores (Figure 16).  For 
example, when looking at the Enjoyment factor, although Craig’s Post-ATMI mean score 
was only 1.20 (a proportion of 0.24), his positive comments during the interview, such as, 
“I enjoy using Excel and doing math through that program,” were the reasons his Post-
MCW of 2.0 (a proportion of 0.67) was relatively higher than his Post-ATMI mean score 
for Enjoyment.  The Value factor was the only factor in which Craig’s Pre-ATMI mean 
score of 2.50 (a proportion of 0.5) was relatively higher than his Pre-MCW of 1.3 (a 
proportion of 0.43), based on his comments and perceptions.  For example, one such 
comment, stated during our first pre-instruction interview, was “Sometimes when you 
don't understand how to apply something or where it could even be applied, you get to 
the ‘why am I doing this?  What does this have to do with anything in my life?’” 
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Figure 16. Pre- and Post-ATMI mean scores and mean code weights (MCW) across all 
factors for Craig.  (SC = Self-confidence, V = Value, E = Enjoyment, M = Motivation)  
Values have been converted into proportions.   
 
 Similar to Craig, Jordan’s overall Pre- and Post-ATMI mean scores were both in 
the Low ranges; in fact all four factors (Self-confidence, Value, Enjoyment, and 
Motivation) resulted in Low-range mean scores and were indicative of Jordan’s negative 
attitude toward mathematics both before and after the instructional phase (Figure 17).  
Jordan’s comments during the initial pre-instruction interview also tended to be 
somewhat negative across all factors; however, during the post-instruction interview 
there were a few more positive comments for the questions focused on the Value factor 
(“You need to see the relevance before you are motivated to want to learn something”) 
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Figure 17. Pre- and Post-ATMI mean scores and mean code weights (MCW) across all 
factors for Jordan.  (SC = Self-confidence, V = Value, E = Enjoyment, M = Motivation)  
Values have been converted into proportions.   
 
and the Motivation factor (“You need to see the purpose for doing things in math or you 
just won’t be motivated to want to do them”).  Self-confidence was the only factor in 
which Jordan’s comments were generally negative or neutral (MCW of 1.5) during the 
pre-instruction interview, and became consistently negative during the post-instruction 
interview (MCW of 1.0).  The comments included perceptions such as, “I am not a good 
math student,” and “The only reason I might be getting better is because I have now seen 
the same things over and over again, as this is my second time taking this class.”  As 
indicated in Table 13, Jordan’s Post-MCW for the Enjoyment factor remained constant 
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and low, based on his negative comments during both the pre- and post-instruction 
interviews.    
As noted in Table 10 and in Figure 18, Kelsey’s Pre-ATMI overall mean score of 
3.78 (a proportion of 0.76) placed her in the “High” category.  Her qualitative comments 
during the interview resulted in an overall Pre-MCW of 2.8 (a proportion of 0.93).  This 
MCW indicated that most of her comments were either positive or neutral, which aligned 
with her “High” ATMI mean score.  Kelsey’s Post-ATMI overall mean score of 3.60 (a  
 
 
Figure 18. Pre- and Post-ATMI mean scores and mean code weights (MCW) across all 
factors for Kelsey.  (SC = Self-confidence, V = Value, E = Enjoyment, M = Motivation)  
Values have been converted into proportions. 
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proportion of 0.72) dropped her into the “Middle” category; however, this agreed with 
her qualitative Post-MCW of 2.6 (a proportion of 0.87), suggestive of more neutral 
comments then in her initial interview, in addition to the positive comments.  Mean code 
weights of 2.8 and 2.6 are indicative of mainly positive comments, such as, “I enjoy the 
problem solving aspect of math” (Enjoyment factor) and “I’m interested in doing it 
because I like being challenged by things” (Motivation factor). 
Sheila’s ATMI mean scores both before and after the instructional phase were the 
highest among the six participants.  In addition, her mean scores for all four factors were 
in the High range, again both before and after the instructional phase (Figure 19).  
Sheila’s comments generally reflected her perception of possessing a positive attitude 
toward mathematics.  The main discrepancy in Sheila’s results existed when comparing 
the Self-confidence Post-MCW proportion (0.67) to the Self-confidence Post-ATMI 
mean score proportion (0.95).  This low Self-confidence Post-MCW was a result of 
comments that tended to be more neutral, such as, “I have found that some of the 
problems I come across in math can be solved using other methods besides the 
calculator.” 
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Figure 19. Pre- and Post-ATMI mean scores and mean code weights (MCW) across all 
factors for Sheila.  (SC = Self-confidence, V = Value, E = Enjoyment, M = Motivation)  
Values have been converted into proportions. 
 
Teresa’s overall Pre-ATMI mean score of 1.90 placed her in the Low category, 
however, her Post-ATMI mean score of 2.45 brought her into the Middle category at the 
end of the study (Figure 20).  All four of her ATMI factor mean scores increased as did 
her MCW based on her perceptions of her attitudes.  Looking at the Self-confidence 
factor, for example, one of her negative comments during the pre-instruction interview 
was, “I struggle with math and am not comfortable at all solving problems.”  However, 
during our conversation at the culmination of the study, Teresa’s comment regarding her 
self-confidence in mathematics was,  
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Figure 20. Pre- and Post-ATMI mean scores and mean code weights (MCW) across all 
factors for Teresa.  (SC = Self-confidence, V = Value, E = Enjoyment, M = Motivation)  
Values have been converted into proportions. 
 
 
I used to think that I was a lot worse at math than I truly am.  I think my 
perception has changed a lot over the course of the semester, when I saw how it 
[Excel] could be used in real life situations.   
Another result worth noting is the inconsistency within her Motivation factor.  
Both of Teresa’s Pre- and Post-ATMI mean scores for Motivation (proportions of 0.20 
and 0.24, respectively) were much lower than her Pre- and Post-MCW for this factor 
(proportions of 0.57 and 0.80, respectively).  Similarly, Teresa’s Enjoyment Pre-MCW 
(1.6) resulted in a proportion of 0.53 which is much higher than the proportion (0.26) 
which ensued from her Pre-ATMI mean score for Enjoyment.  In addition, the 
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proportions for her Enjoyment Post-ATMI mean score and Post-MCW were 0.38 and 
0.67, respectively.  Possible reasons for these discrepancies will be discussed further in 
Chapter 5. 
Along with Kelsey and Sheila, Valerie’s Pre-ATMI mean score placed her in the 
High score range.  As indicated in Table 13 and Figure 21, her comments during the pre- 
and post-interviews reflected this positive outlook on mathematics with a Pre-MCW of 
2.8 (a proportion of 0.93) and a Post-MCW of 2.9 (a proportion of 0.97).  The Value 
factor showed the most increase in positive comments with a Pre-MCW of 2.6 (a 
proportion of 0.87) and Post-MCW of 3.0 (a proportion of 1.00).  During the pre-
instruction interview, Valerie referred to her high school mathematics class when she 
stated, “I didn’t really like math then because I couldn’t really see why we were 
calculating latitudes and longitudes.  I didn’t want to understand it.”  Her comments 
during the post-interview regarding the Value factor, however, were all positive 
comments, such as, “The math I learned this semester has been extremely helpful.” 
This previous section presented the multi-method results on students’ attitudes 
toward mathematics.  The following section presents the results of students’ perceptions 
of their uses of the spreadsheet technology and their understandings of the mathematics.  
These qualitative results are based on the classroom observations and the post-instruction 
interviews. 
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Figure 21. Pre- and Post-ATMI mean scores and mean code weights (MCW) across all 
factors for Valerie.  (SC = Self-confidence, V = Value, E = Enjoyment, M = Motivation)  
Values have been converted into proportions. 
 
 
Students’ Uses of the Spreadsheet Technology  
Results from this section on students’ uses of the spreadsheet technology helped 
to address the following research questions: 
2a. How do students perceive the spreadsheet-based learning environment as 
contributing to their conceptual understandings and sense makings of the 
content?  
2b. How do students perceive the spreadsheet-based learning environment as 
contributing to their attitudes toward mathematics?  Specifically, how do 
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students’ perceptions of their experiences support or challenge the quantitative 
ATMI results?  
3. How do students’ perceptions of their own mathematical efficacies align with 
those demonstrated during the spreadsheet problem solving activities?  
Discussed in Chapter 3, the qualitative data collected from the observations and 
post-instruction interviews were analyzed using the Master, Student, Partner, Extension-
of-Self Framework (MSPE; Goos, Gailbrath, Renshaw, & Gieger, 2000).  Similar to the 
method used during the coding with the ATMI model, applicant participants comments 
derived from observations and post-interviews were assigned weights of 1, 2, 3, or 4 
(where 1 = Master) to represent the four hierarchical MSPE levels.  Examples of 
questions asked during the post-instruction interview include “Describe your experience 
with using the spreadsheet this semester while completing class activities or homework,” 
and “Do you think this same problem could have been completed easier without the use 
of a spreadsheet?”  Table 14 contains examples of student comments coded using the four 
specific levels of the MSPE.  
  
185 
 
Table 14 
MSPE Categories, Descriptions and Examples of Student Comments  
 
MSPE 
Category  
Description Example of Student Comments 
 
1. Master 
 
The student is subservient to the 
technology—a relationship induced 
by technological (limited operations 
used) or mathematical dependence 
(blind consumption of whatever 
output generated, irrespective of 
accuracy and worth). 
 
 
 
It’s the graph I got when I made the scatterplot; I’m 
not sure what it means. (Craig, Observation #1) 
 
I put the equation here and just dragged it down.  It 
put the numbers there…but I don’t know if it 
worked. (Jordan, Observation #2) 
2. Servant Technology is used as a reliable 
timesaving replacement for mental, 
or pen and paper computations.  
Student “instructs” the technology as 
an obedient but “dumb” assistant. 
Is there a way I can use it to just move all the rows 
down one? (Jordan, Observation #1) 
 
The most useful thing was being able to put in my 
equation and then just drag the handle and have 
Excel fill in all of the next cells. (Craig, Post-
Interview) 
 
What helped was that you could quickly crunch a 
whole bunch of numbers. (Kelsey, Post- Interview) 
 
 
 
 
 
 
 
 
 
 
 
(table continues) 
186 
 
Table 14 (continued) 
MSPE Categories, Descriptions and Examples of Student Comments  
MSPE 
Category  
Description Example of Student Comments 
3. Partner Students often appear to interact 
directly with the technology, treating 
it almost as a human partner that 
responds to their commands—for 
example, with error messages that 
demand investigation.  The 
technology acts as a surrogate 
partner as students verbalize their 
thinking in the process of locating 
and correcting such errors. 
I made the graph from the table and it’s obvious 
that Sheila’s plan is better at 180 minutes, where 
hers and John’s intersect.  And her plan is better 
than Peter’s at 152 minutes. (Kelsey, Observation 
#1) 
 
It’s showing me that as the width increases by 1, 
the length decreases by 1; I can see that here. 
(Valerie, Observation #2) 
 
It helped to show the progression of something, like 
how something changes over time, and you could 
easily make a graph to show that. (Jordan, Post-
Interview) 
 
It gave me the ability to say ‘hey, I wonder what 
would happen if I tried that?’  You could go in and 
try it and see how big the changes really would be. 
(Kelsey, Post-Interview) 
 
It was helpful for me to see the exponential 
function with both the table and the graph, to be 
able to see the way the values go up and the graph 
goes up too.  (Teresa, Post-Interview) 
 
 
4. 
Extension- 
of-Self 
Students incorporate technological 
expertise as an integral part of their 
mathematical repertoire.  Technology 
is used to support mathematical 
argumentation as naturally as 
intellectual resources. 
 
When I made the table, if I couldn’t see what was 
happening right away, I would just do a quick 
scatterplot and it showed me so much more, like 
what kind of pattern the numbers might be making. 
(Sheila, Post-Interview) 
Note: Adapted from “The Master, Servant, Partner, Extension-of-Self Framework in 
Individual, Small Group and Whole Class Contexts,” by V. Geiger (2005), in R. Hunter, 
B. Bicknell, & T. Burgess (Eds.), Crossing Divides. (Proceedings of the Thirty-Second 
Conference of the MERGA, p. 205). Sydney, NSW: MERGA   
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Using this type of table in my analyses provided a way for me to organize 
students’ perceptions of their use of the spreadsheet technology.  These perceptions were 
based on my interpretations of students’ comments while they worked with their partner 
during the observations and individually on the spreadsheet activity during the post-
instruction interview.   
Figure 22 portrays a graphical representation of the MSPE mean code weight 
(MCW) for each participant.  These MCW were based on the four MSPE levels assigned 
to comments and the actual use of the spreadsheet technology during the observations 
and post-instruction interviews (1 = Master, 2 = Servant, 3 = Partner, 4 = Extension-of-
Self).  The MSPE MCW for each participant is the mean of these assigned values.  
Descriptions of each level can be found in Table 14. 
In Figure 22, Craig’s MSPE MCW of 2.4, based on his comments and actions 
from the classroom observations and post-instruction interview was between a 2 (Servant 
level) and a 3 (Partner level).  Coding all comments and actions in this manner allowed 
me to view the data in both its original qualitative form as well as in a quantitative form 
after assigning all MSPE levels with their corresponding MSPE weights.  A comment 
made by Craig during the first observation, “It’s the graph I got when I made the 
scatterplot; I’m not sure what it means,” was assigned the MSPE Master level and 
weighted with a “1.”  Craig used the spreadsheet to create the graph, but didn’t 
understand what it meant.  His interaction with the spreadsheet was subservient to the 
technology (Geiger, 2005).  During the post-instruction interview, Craig’s comment, 
“The most useful thing was being able to put in my equation and then just drag the handle 
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Figure 22. MSPE mean code weight (MSPE MCW) per participant.  Based on 
participant’s comments from observations and post-instruction interviews coded with the 
four MSPE levels: 1 = Master, 2 = Servant, 3 = Partner, and 4 = Extension-of-Self.  
Adapted from “The Master, Servant, Partner, Extension-of-Self Framework in Individual, 
Small Group and Whole Class Contexts,” by V. Geiger, in R. Hunter, B. Bicknell, & T. 
Burgess (Eds.), Crossing Divides, p. 205. Copyright 2005 by MERGA.    
 
and have Excel fill in all of the next cells,” was assigned a weight of “2” to represent the 
MSPE Servant level.  Although Craig inserted the correct equation, he used the 
spreadsheet mainly to save time in performing additional calculations; he used the 
technology as “an obedient but dumb assistant” (Geiger, p. 205).  All participants’ 
comments and actions as they pertained to the use of the spreadsheet were numbered in 
this way with one of the established MSPE levels (1 through 4).  The MSPE MCW was 
calculated for each participant. 
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In addition, the observation data was analyzed with respect to the three different 
ways the class time was spent by each pair of students: On task (talking or working on 
the activity), Technology issues (discussing the use of, or problems with, the spreadsheet 
technology), or Off task.  Analysis of this data, using an emergent framework (Table 15) 
is presented as percentages of the total class time. 
 
Table 15 
Students’ Uses of Observation Time 
  On Task  
Technology 
Issues  Off Task  
 
  Group  Group  Group   
Observation  1 2 3  1 2 3  1 2 3   
1  71.5 77.3 55.6  28.5 22.7 35.7  0.0 0.0 8.7   
2  90.3 84.4 77.4  9.7 15.6 9.6  0.0 0.0 13.0   
3  97.8 82.8 76.4  2.2 17.2 19.0  0.0 0.0 4.6   
4  91.3 96.1 93.4  3.9 3.9 5.1  4.8 0.0 1.4   
5  98.0 90.1 88.5  2.0 9.9 0.0  0.0 0.0 11.5   
 Mean 89.8 86.1 78.3 84.7 9.2 13.9 13.9 12.3 1.0 0.0 7.8 2.9  
Note. Values are expressed as percentages of the total class time.  Group 1 consisted of 
Teresa and Valerie, Group 2 consisted of Jordan and Sheila, and Group 3 consisted of 
Craig and Kelsey. 
 
    
Analyzing the usage of class time in this manner permitted me to investigate the 
possibility that the technical difficulties of using the spreadsheet may have influenced 
students’ attitudes due to frustration with the tool.  On average (for all five classroom 
observations), 9.2% of the time was spent on spreadsheet technology issues for Group 1 
(Teresa and Valerie), an average of 13.9% for Group 2 (Jordan and Sheila), and 13.9% 
also for Group 3 (Craig and Kelsey).  Figure 23 contains a visual representation for the 
three groups’ percentages of class time spent on technology issues for each of the five  
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Figure 23. Percentage of class time spent on technology issues during the classroom 
observations.  Group 1 consisted of Teresa and Valerie, Group 2 consisted of Jordan and 
Sheila, and Group 3 consisted of Craig and Kelsey. 
 
observations.  Out of the three groups, Craig and Kelsey spent the largest amount of a 
singular class time (35.7% during Observation #1) dealing with these issues.  This 
extensive amount of class time spent dealing with technology issues occurred during the 
first observation, as one might expect with learning a new classroom technology.  During 
this first observation, Craig and Kelsey (group #3) made remarks such as, “How do we 
even put that formula in here?” and “Where is the button to make the graph?”  These 
basic Excel concepts (e.g., entering formulas, inserting graphs were presented in the 
(ungraded) tutorials assigned for homework as well as in a prior whole-class lesson.  At 
one point during Observation #1, Craig did go online to view the tutorial which was 
assigned for students to view before class.  As shown in Figure 23, the percentage of 
class time spent dealing with the technology issues generally decreased from the first 
observation to the last observation.  As the technology issues decreased overall from one 
observation to the next for all three groups, the time spent on task (e.g., using the 
spreadsheet technology to engage with the mathematics) generally increased (Figure 24).   
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Figure 24. Percentage of class time spent on-task.  Group 1 consisted of Teresa and 
Valerie, Group 2 consisted of Jordan and Sheila, and Group 3 consisted of Craig and 
Kelsey.    
 
For Teresa and Valerie (Group 1), there was a steady increase in the on-task 
engagement except for Observation #4 where there was a slight decrease.  This fourth 
observation was the only one for which these two students spent almost 5% of the 
classroom time neither engaged in the mathematics nor dealing with technology issues—
the result of a brief discussion of  an assignment due for another class.  However, for 
Groups 2 and 3, it was this fourth observation in which the largest percentage of class 
time (96.1% and 93.4%, respectively) was spent engaging with the mathematics.  
Students’ Understandings of Mathematics 
Results from this section on students’ understandings of mathematics were used 
to address the following research questions:  
2b. How do students perceive the spreadsheet-based learning environment as 
contributing to their attitudes toward mathematics?  Specifically, how do 
students’ perceptions of their experiences support or challenge the quantitative 
ATMI results?  
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3.  How do students’ perceptions of their own mathematical efficacies align with 
those demonstrated during the spreadsheet problem solving activities? 
The MSPE framework was used to measure students’ use of technology and 
Biggs and Collis’ (1982) Structure of the Observed Learning Outcomes (SOLO) 
framework (discussed in Chapter 3) was used to gauge students’ understandings of the 
mathematical content.  Analysis using this framework involved data obtained from the 
classroom observations and the post-instruction interviews.  For example, while working 
on the spreadsheet task during the post-interview, students were asked to discuss how 
they would attempt to solve the given problem when first introduced to it.  Similar to the 
four MSPE categories, the five SOLO levels (Prestructural, Unistructural, 
Multistructural, Relational, and Extended abstract) are hierarchical in nature and, thus, 
were assigned with the weight values of 1, 2, 3, 4, or 5 (1 = Prestructural).  Table 16 
contains examples of student comments coded using the five specific levels of the SOLO 
framework. 
Using this type of table in my analysis provided a way for me to organize 
students’ perceptions of their understandings of the mathematics based on their 
comments made while working with their partners (during the observations) and working 
individually on the spreadsheet activity (during the post-instruction interview).   
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Table 16 
SOLO Levels, Descriptions and Examples of Student Comments  
SOLO Level Description Examples of Student Comments 
1. 
Prestructural 
 
Students do not 
understand the 
given problem; 
have no knowledge 
of the concept. 
So simple interest means it’s just one annual interest rate? (Jordan, 
Observation #2) 
 
Sorry, I can’t be much help here.  Maybe we can look up what 
“algebraic notation” means. (Craig, Observation #2) 
 
2. 
Unistructural 
 
Students learn one 
relevant aspect of 
the whole. 
I think this is exponential decay because the numbers are going 
down. (Teresa, Post-Interview) 
 
Spending the $100 each month for the 24 months is better than the 
$2400 right away because of the large amount at the beginning. 
(Valerie, Post-Interview) 
 
3. Multi- 
structural 
 
Students learn 
several relevant 
independent 
aspects of the 
whole. 
In the second scenario, you would owe more immediately because 
it would be figured on the whole $2400, but I’m not sure which 
scenario would require you to pay more total interest in the long 
run. (Jordan, Post-Interview) 
 
It’s going to take you longer to pay this first one off, so in the end 
you would end up paying more interest. (Teresa, Post- Interview) 
 
4. Relational 
 
Students learn to 
integrate several 
different aspects 
into a structure. 
I can explain it by saying that as the difference between the length and 
the width grows, the area of the playground decreases. (Kelsey, 
Observation #2) 
 
The second scenario would be better because you are paying off a little 
bit and while the interest would raise the amount you owe, that amount 
would gradually be going down if you’re not making any additional 
purchases…the minimum payment you owe would also be getting 
smaller. (Craig, Post-Interview) 
 
If the person didn’t pay anything, then the total amount owed would 
keep getting bigger and bigger because of the interest amount added 
on each month.  It would never get paid off.  (Sheila, Post-Interview) 
 
5. Extended 
Abstract 
 
Students can 
generalize what 
they learn into a 
new area of 
knowledge. 
[There were no student comments at this level.] 
Note. Adapted from Evaluating the Quality of Learning. The SOLO Taxonomy (Structure 
of the Observed Learning Outcomes) (pp. 24-25), by J. B. Biggs and K. F. Collis, 1982, 
New York, NY: Academic Press. 
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Figure 25 portrays a graphical representation of the SOLO mean code weight 
(MCW) for each participant.  These MCW were based on the five SOLO levels assigned 
to comments as they pertained to students’ understandings of the mathematics during the 
observations and post-instruction interviews (1 = Prestructural, 2 = Unistructural, 3 = 
Multistructural, 4 = Relational, 5 = Extended abstract).  The SOLO MCW for each 
participant is the mean of these assigned values.  Descriptions of each level can be found 
in Table 16. 
Figure 25. SOLO mean code weight (MCW) per participant.  Based on participant’s 
comments from observations and post-instruction interviews coded with the five SOLO 
levels: 1 = Prestructural, 2 = Unistructural, 3 = Multistructural, 4 = Relational, and 5 = 
Extended abstract.  Adapted from Evaluating the Quality of Learning. The SOLO 
Taxonomy (Structure of the Observed Learning Outcomes) (pp. 24-25), by J. B. Biggs 
and K. F. Collis, 1982, New York, NY: Academic Press.    
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In Figure 25, Craig’s SOLO MCW of 3.3, based on his comments and actions 
from the classroom observations and post-instruction interview is between a 3 
(Multistructural SOLO level) and a 4 (Relational SOLO level).  As with the MSPE levels, 
coding all comments and actions in this manner allowed me to view the data in both its 
original qualitative form and in a quantitized form after assigning all SOLO levels with 
the corresponding SOLO MCW.  For example, a comment made by Craig during the 
second observation, “Sorry, I can’t be much help here.  Maybe we can look up what 
‘algebraic notation’ means,” was assigned to the Prestructural SOLO level and weighted 
with a “1.”  Craig’s comment fit into the Prestructural level because at he didn’t 
understand what the term ‘algebraic notation’ meant and how it was to be used to address 
the problem he was working on with Kelsey (Collis & Biggs, 1982).  Craig’s comment 
during the post-instruction interview, “The second scenario would be better because you 
are paying off a little bit and while the interest would raise the amount you owe, that 
amount would gradually be going down if you’re not making any additional purchases,” 
was assigned a weight of “4” to represent the SOLO Relational level.  Craig understood 
the relationship between the amount of interest paid and how these payments affected the 
new balance on the credit card.  Labeling all of Craig’s applicable comments with the 
appropriate SOLO level and the corresponding numerical weight allowed me to obtain 
his overall level of understanding which is indicated by the SOLO MCW of 3.3.  All 
participants’ comments as they pertained to their understandings of the mathematics were 
numbered with one of the five established SOLO levels.  The SOLO MCW was 
calculated for each participant. 
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Students’ Views on Collaboration 
Unanticipated findings relative to my study included comments from the six 
participants regarding their views of working with a partner during the study.  Students 
were asked individually during the post-instruction interview if they thought working 
with their partners was effective in helping with the spreadsheet activities.  I also inquired 
as to whether or not they found working with their partner to be helpful.  Four of the six 
(Craig, Kelsey, Teresa, and Valerie) indicated that they usually found working with a 
partner was helpful:   
Pretty much we agreed with most things.  There might have been one or two 
things we didn't agree on and usually it was just that one of us forgot how to 
exactly do something so we helped each other… with the math we were working 
on and also with the spreadsheet.  Pretty much we agreed on most stuff.  (Craig) 
It did help...partially because Craig is a nice guy and we got along pretty good.  
But it did help to talk about the spreadsheet problems…I usually like to talk about 
problems in any class and to work with someone else, but only if the problem 
need to be worked on together.  In some of my other classes, some of the things 
they put us in groups for are just easier to do yourself... sometimes it’s more of a 
hindrance to have to work with someone. (Kelsey)  
I think it was really good because sometimes you get a little lost at one point and 
maybe the other person knows more about it...or the opposite where you know 
something and the other person might need your help understanding it better.  I 
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think it was really good for that.  When you work with someone else you can kind 
of bounce your ideas back and forth between each other.  (Teresa) 
Although Valerie thought it was helpful to work with Teresa, she found the need to spend 
additional time outside of class to complete the assignments more thoroughly. 
Sometimes it was good to read the question together to help me understand what 
it was asking.  It did help working with a partner for that.  But sometimes, if I was 
still confused by the wording, I found it easier to finish on my own so I could take 
my time and look up how to do something with the spreadsheet if I needed to.  
Even if I finished the assignment in class with Teresa, I still went over it again on 
my own to make sure I understood what the assignment was asking me to do.  
(Valerie) 
Jordan and Sheila, however, both believed that working with a partner was generally not 
helpful; they both indicated that while it was sometimes “OK” to work with someone 
else, they would both have preferred to complete the activities independently. 
At first I didn’t mind working with Sheila, it was OK, but sometimes I think she 
was too busy doing the problem, and it seemed like I might be bothering her if I 
asked her anything.  So after a few times, we didn’t really talk about the 
problems… I know we were supposed to be talking and discussing them, but 
sometimes it was just hard.  I’ve used the spreadsheet before at work, so 
sometimes it wasn’t really that bad to just try to do it by myself.  (Jordan) 
198 
 
I’m not used to having to work with a partner…well, not really in math.  I think 
it’s OK to work with someone if it’s something you don’t understand how to 
do…or like if it’s a project.  (Sheila)  
Summary of Chapter 4 
This chapter presented the findings of my research study based on the results from 
the quantitative surveys, the qualitative interviews and observations, and the integration 
of the two types of data.  The major findings are as follows: 
Analyses of the data from the Pre- and Post-ATMI surveys for all participants (n 
= 36) determined no statistical significance in the mean change scores for any of the four 
ATMI factors (Self-confidence, Value, Enjoyment, and Motivation).  Although there 
existed no statistically significant change from the overall Pre-ATMI mean score to the 
overall Post-ATMI mean score, the Pre-ATMI mean score for all participants was above 
the neutral score of 3—suggesting that many of the students had a positive attitude 
toward mathematics before the start of the instructional phase of the study.  Results from 
these analyses indicated a significant difference in the variances for the Value factor, one 
of the four ATMI factors.      
For the study’s six purposefully-selected participants (Craig, Jordan, Kelsey, 
Sheila, Teresa, and Valerie) analyses of the quantitative ATMI data indicated some 
significant results for the individual factors.  The qualitative attitudinal data indicated 
that, overall, these students’ perceptions of their attitudes toward mathematics increased 
or remained constant over the course of the study.  The integrated analyses from the 
quantitative and qualitative attitudinal data showed varied results.  When the results of 
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the quantitative data were compared to the results of the qualitative data, neither seemed 
to support the other.  These attitudinal results for the individual participants will be 
further discussed in Chapter 5.    
Results based on students’ use and their perceptions of the use of the spreadsheet 
technology indicated their engagement with the tool was generally between the Servant 
level (the spreadsheet was used mainly as a timesaving tool) and the Partner level (the 
spreadsheet is treated almost as a human partner, helping students to think through a 
problem).  Usage of classroom time during the observations (On-task, Technology issues, 
Off-task) showed students’ engagement with the mathematics increasing throughout the 
instructional phase.  Finally, the results based on students’ understandings and sense 
makings of the mathematical content suggested their understandings were between the 
Multistructural level (students learned several relevant aspects of the mathematics, but 
sometimes were not able to make connections between these separate aspects) and the 
Relational level (students learned to integrate several different aspects of the mathematics 
into a structure—they were able to see the big picture and how these aspects connected to 
each other).  Results based on the three facets of this study (attitude toward mathematics, 
use of the spreadsheet technology, and students’ understandings of the mathematics) will 
be further discussed and synthesized in Chapter 5. 
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CHAPTER V 
DISCUSSION AND IMPLICATIONS 
Overview 
Chapter 4 presented the results of the analyses used to address this study’s 
research questions.  This chapter begins by summarizing the study and then proceeds to 
discussing my findings.  Due to the overlap in results used to answer the research 
questions, attempts to arrange my discussions around the individual research questions 
was non-trivial.  Using a mixed methods approach to collect and analyze data also added 
to the “messiness” in my attempts to present my results.  Furthermore, at times it was 
difficult to separate the three frameworks used for this study, because they tended to 
blend when trying to address a single question.  Therefore, I begin with addressing what I 
consider my only straightforward question; that based on a single method—the effect of 
the spreadsheet tool on students’ attitudes toward mathematics.  Following this, my 
discussions are guided by the results obtained from the six student participants.  These 
discussions are a blend of students’ attitudes, their utilizations of the spreadsheet 
technology, and their understandings of the mathematics.  The limitations of the study are 
next addressed, and finally, implications for future teaching and research are identified. 
Summary of the Study 
The purpose of this study was to examine the impact of a spreadsheet-based 
learning environment on college students’ attitudes toward mathematics.  In addition, the 
impacts such an environment had on students’ sense makings and conceptual 
understandings of a variety of mathematics topics were explored.  Finally, as an 
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instructor of the Mathematics with Applications course, I was personally interested in 
how the results might influence my own teaching. 
Three instruments derived from frameworks were utilized to collect and analyze 
data.  First, Tapia’s (1996), Attitudes Toward Mathematics Inventory (ATMI) was used to 
gather and analyze quantitative pre- and post-instruction (n = 36) regarding students’ 
attitudes based on the four factors: Self-confidence, Value, Enjoyment, and Motivation 
(Appendix A).  The ATMI was also used to access students’ perceptions of these 
attitudes, guided by the four established factors.  Data was collected from the two pre- 
and post-instruction interviews with a smaller sample of students (n = 6).  The Master, 
Student, Partner, Extension-of-Self (MSPE; Goos, Gailbrath, Renshaw, & Gieger, 2000) 
was the second framework implemented to analyze the data regarding the six students’ 
uses of the spreadsheet and their perceptions of these uses (Appendix B).  Finally, Biggs 
and Collis’ (1982) Structure of the Observed Learning Outcomes Taxonomy (SOLO) was 
used to examine the six students’ levels of understandings of the mathematical concepts, 
in addition to their perceptions of these understandings and how they made sense of the 
mathematics (Appendix C).  For the MSPE and SOLO frameworks, the qualitative data 
were acquired through classroom observations and the post-instruction individual 
interviews.  
  
202 
 
Students’ Attitudes Toward Mathematics 
“Attitude is a little thing that makes a big difference.” 
~ Winston Churchill 
 
In this section, I discuss the study’s findings as they pertain to the first research 
question that focused on students’ attitudes toward mathematics.  This question involved 
the larger sample of participants (n = 36): 
1.  Does the use of a spreadsheet-based learning environment in an 
undergraduate Mathematics with Applications course affect students’ attitudes 
toward mathematics as measured on the Attitudes Toward Mathematics 
Inventory (ATMI)? 
Table 9 details the descriptive statistics of the scores from the Pre-and Post-ATMI 
surveys (n = 36), including the four ATMI factors (Self-confidence, Value, Enjoyment, 
and Motivation).  Scores from these surveys resulted in a non-significant increase in the 
overall score of 0.01.  There were no significant changes in attitude for any of the four 
factors.   
One must take into account, however, that the overall Pre-ATMI mean score of 
3.43 was higher than a neutral mean score of 3, as measured on the ATMI scale, based on 
a scale of 1 to 5.  Although this neutral score is not a mean measurement of students’ 
attitudes, it does indicate the overall attitude for this group of 36 students was above 
neutral—and thus indicating more positive attitudes—before the start of the spreadsheet 
instruction.  In addition, three of the four ATMI factors (Self-confidence, Value, and 
Enjoyment) also had Pre-ATMI mean scores above 3.  The Motivation factor mean score 
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was only slightly less than this neutral score of 3.  Other studies using measurements 
based on the ATMI also obtained overall Pre-ATMI mean scores to be above the neutral 
mean score of 3.  For example, Schackow (2005) measured attitudes of pre-service 
teachers in a methods course utilizing constructivist instructional methods and found the 
overall Pre-ATMI mean score to be 3.12.  In Schackow’s study, there was a 0.43 increase 
in this overall ATMI mean score at the end of the study.  A study conducted by Sisson 
(2011) sought to determine whether a correlation existed between college students’ 
attitudes and scores on a state competency exam.  The Pre-ATMI mean score was 3.26 
and also indicated a positive increase of 0.13.  Finally, a study by Czaplewski (2014), 
which explored how a blended method of instruction impacted the attitude of 
undergraduate students, obtained an overall Pre-ATMI mean score of 3.14, which 
increased to 3.16 at the culmination of the study.  These results suggest that the neutral 
score of 3, as measured on the ATMI, is below average in regards to these studies, or that 
students started out “above average” in terms of their attitudes toward mathematics.   
An additional limitation in using Tapia’s ATMI to measure students’ attitudes 
was that the instrument did not measure attitudes toward mathematics with the use of 
technology.  If students were only thinking about the mathematics completed during the 
instructional phase, even if the spreadsheet did have a positive effect on their attitudes or 
understanding of the mathematics, I cannot be sure students associated the spreadsheet 
with the mathematics they were learning while completing the survey.  Suggestions for a 
new tool to measure students’ attitudes toward mathematics are discussed in the 
Implications section. 
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The interrelatedness of beliefs, emotions and attitudes contributed to the difficulty 
I found in making definitive assertions based on the results of this study.  According to 
McLeod (1989, 1992), beliefs are the mental acceptance or validity of something (e.g., 
Jordan believed that almost nothing he did in the mathematics classroom related to his 
everyday life).  These beliefs are developed over a long period and may weaken a 
student’s ability or desire to do something.  The students in this study have all had at least 
12 years of mathematics classroom experiences with which to develop their deep-seated 
beliefs about mathematics.  Such beliefs are generally very stable.   
Emotions, on the other hand, may appear and disappear quickly, and are less 
stable and usually more intense than beliefs (e.g., Valerie’s initial frustration with the 
spreadsheet).  Finally, attitudes, which is what this present study set out to investigate, lie 
somewhere between beliefs and emotions as far as their intensity and stability.  Based on 
McLeod’s (1989, 1992) definitions, student’s beliefs about mathematics are very difficult 
to change; attitudes, on the other hand, are less resilient to change.  Various studies’ 
findings have indicated that these attitudes toward mathematics can, in fact, sometimes 
change over a relatively short period.  For example, Hodges and Kim’s (2013) found 
significant positive changes in the attitudes of college algebra students two weeks after 
watching a motivational video.  Over the course of a semester, Curtis (2006) found a 
significant increase in college algebra students’ enjoyment of mathematics when 
standards-based lessons were utilized.  Finally, Sisson’s (2001) previously-discussed 
investigation of the attitudes of college algebra students revealed a significant positive 
change in the way these students valued mathematics at the end of the 12-week long 
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research study.  Although the quantitative results from my study suggested that 
participants’ attitudes did not all become more positive as a result of the six-week-long 
interventions, I posit that students’ engagements in the spreadsheet-learning environment 
provoked them to at least reconsider their attitudes toward mathematics.  This is 
discussed further in the individual student sections.   
Purely quantitative results for the question, “Does the use of spreadsheets affect 
students’ attitudes toward mathematic?” indicated that the spreadsheet environment had a 
slightly positive effect, albeit not statistically significant, on students’ overall attitudes 
toward mathematics.  While these quantitative results do not indicate a significant change 
in attitudes toward mathematics as a result of the intervention, I argue that the qualitative 
findings tell a different story.   
Attitudes, Spreadsheets, and Understandings of Mathematics 
“If technology is to evolve, then novelty must appear 
in the midst of the continuous.” 
~ George Basalla (1988) 
The Evolution of Technology 
 
This section discusses and synthesizes the study results focused around the 
smaller, purposefully-selected sample of six participants and addresses the following 
research questions:   
2a. How do students perceive the spreadsheet-based learning environment as 
contributing to their conceptual understandings and sense makings of the 
content? 
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2b. How do students perceive the spreadsheet-based learning environment as 
contributing to their attitudes toward mathematics?  Specifically, how do 
students’ perceptions of their experiences support or challenge the quantitative 
ATMI results? 
3. How do students’ perceptions of their own mathematical efficacies align with 
those demonstrated during the spreadsheet problem solving activities?  
Although the results for the six purposely selected students cannot be generalized 
back to the larger group, the findings do indicate that students’ perceptions of their 
attitudes toward mathematics when using the spreadsheet were generally positive; 
especially for the Value factor.  This does imply, however, that these perceptions were 
not always consistent with the corresponding ATMI scores—the qualitative findings did 
not always support the quantitative results.   
My inconclusive mixed-methods findings are consistent with the results obtained 
by Czaplewski (2014) who measured changes in student attitude toward mathematics in a 
blended instructional environment.  Data in this study were also collected by using the 
ATMI survey and individual interviews.  In Czaplewski’s study, there was a statistically 
significant decrease from the Pre-ATMI to the Post-ATMI for the Value factor.  The 
student interviews he conducted, however, indicated positive feelings related to the Value 
factor.  The overall analysis of Czaplewski’s field notes and interview responses relating 
to this factor suggested that the students in his study wanted to develop their 
mathematical skills and believed that mathematics helped to improve their minds—a 
contradiction to the negative change score resulting from the quantitative data.  Although 
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non-significant, my study also indicated a negative change in students’ attitudes for the 
Value factor, as measured on the ATMI.  However, during the interviews, as will be 
discussed, students’ saw the value of using the spreadsheet to engage with the 
mathematics.  During these interviews, our conversations were generally focused around 
the use of the spreadsheet and how students utilized the tool to engage with the 
mathematics in a way that made sense to them; in a way that allowed them to develop a 
deeper understanding of the content.  Again, I surmise that since the ATMI did not 
measure students’ attitudes toward mathematics specifically with the use of technology, 
students in both of these studies were not thinking about the technology (i.e., the 
spreadsheet or the blended instruction) while taking the Post-ATMI. 
Another study (Curtis, 2006), investigating the effect of graphing calculators on 
attitudes toward mathematics, also used the ATMI and student interviews to collect data.  
Similar to my results, the finding in Curtis’ study indicated that even though the 
quantitative ATMI data did not show much change, the results from the qualitative 
analyses indicated that students’ attitudes, with regards to the four factors, did improve 
over the course of the semester.  Although the qualitative and quantitative findings 
presented here are inconsistent, I followed that direction taken by earlier research (e.g., 
Curtis, 2006; Czaplewski, 2006, Onwuegbuzie & Johnson, 2006) in presenting the 
findings of each methodology. 
In general, the six participants in my research study indicated that they felt the use 
of the spreadsheets somewhat abetted their understanding of the mathematical concepts 
investigated—however, these results were mixed among the individual students.  Such 
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results occurred over the progression of observations and during the final post-interviews 
with the individual students.  During the observations, the overall percentage of time 
students spent on-task increased from the first observation to the last observation, as 
students used the technology to engage with the mathematics.  However, it was not 
conclusive as to whether the spreadsheet alone contributed to a deeper understanding of 
the mathematics.  Other studies involving the use of classroom technology and its effect 
on students’ attitudes toward mathematics found similar contradictions when using a 
blend of methods.  In particular, Kebritchi et al. (2010) examined the effects of a 
computer game on students' mathematics achievement and motivation, and Reed et al. 
(2010) investigated the effects of students’ attitudes and behaviors while learning 
mathematics with computer applets. 
Student Pairs 
The following discussions are based on the six participants used in the qualitative 
phase of my study.  Discussions are presented first for individual participants followed by 
the discussion of the student pair.  The last part of this section synthesizes the dynamics 
of each of the three groups.  The student comments I found meaningful for this study 
were presented in Chapter 4, however, the pre-instruction interview comments were 
presented separately from the post-instruction comments.  The comments pertaining to 
the use of the spreadsheet were also presented separately from those pertaining to each 
student’s understanding of the mathematical content.  In the pursuing discussions, 
comments are organized by student to contextualize each case.  
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Craig.  Craig’s selection for participation in this study was based on his Pre-
ATMI score being in the lower 25% of scores.  This was the strongest case where a 
student’s perceptions of his attitudes toward mathematics did not support his quantitative 
ATMI scores.  Craig’s Self-confidence ATMI score increased slightly over the course of 
the study, however, his perceptions of this attitude indicated a much larger increase.  At 
the beginning of the study, when discussing his self-confidence in mathematics, Craig 
commented, “I’m not a good mathematics student.  I hate it with all of my being.”  This 
negative comment aligned with his low ATMI score for Self-confidence.  With only a 
slightly positive change score, Craig’s Post-ATMI mean score for this factor remained in 
the Low category at the end of the study.  The increase in his qualitative Post-MCW for 
Self-confidence, however, resulted from comments at the culmination of the study, such 
as “I would describe myself as an above average student in math.” 
Based on findings previously presented in Chapter 4, Craig’s ATMI score for the 
Value factor decreased at the end of the semester.  Conversely, his views on the value of 
mathematics, as noted by a 53.8% increase in his qualitative MCW, painted a different 
picture.  During the initial interview, Craig stated, “I’m usually not very interested in 
what I’ve done in math classes because I can’t really see how they relate to anything I 
need to know.”  At the end of the study, his perceptions of how he valued mathematics 
had changed and he claimed the spreadsheet activities helped him to see how the 
mathematics was relevant to him personally.   
Some of the financial math we did is something that I think is important to know, 
like seeing how quickly the interest from the credit card can get out of hand.  And 
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using Excel really helped me to see it happening instead of just listening to 
someone tell me about it. 
For Craig, this insight was based on his ability to see how using the spreadsheet could 
help him to understand the basics of the new credit card he had just obtained over the 
summer. 
Both of Craig’s ATMI scores for the Enjoyment and Motivation factors remained 
constant from the beginning to the end of the study.  As with his other qualitative 
measurements, the Post-MCW for these factors showed a substantial increase in these 
attitudes.  During our post-instruction interview, Craig often referred to the use of the 
spreadsheet—how much he liked using it and enjoyed the activities we did during the 
observations because he got to “play” with the spreadsheet.  During the post-instruction 
interview, he stated, “It [Excel] did motivate me to learn more about the math because it 
was something new for me.”   
One reason for the discrepancies between the quantitative and qualitative results 
was that the ATMI survey did not specifically measure attitude toward mathematics 
while using a spreadsheet or any other form of technology.  Craig’s low ATMI score at 
the end of the study—and the inconsistencies in his qualitative measures—may have been 
a result of this misalignment between what the ATMI measured and what I was 
attempting to measure.  The recommendation for a modified instrument is discussed later 
in the chapter.   
Unfortunately, during the last interview with Craig, I did not ask him if he was 
specifically thinking about the mathematics through the lens of the spreadsheet when 
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taking the attitude survey.  Nor, intentionally, had I analyzed Craig’s, or any other 
participants’, ATMI scores before the interview so as not to be influenced by these scores 
when conducting the interviews.  I had chosen to use this form of bracketing (Moustakas, 
1994), so I would not think about how I thought a question should be answered based on 
a known ATMI score.  In hindsight, perhaps knowing these scores beforehand would 
have led to a richer discussion with Craig and his thoughts about whether or not the 
spreadsheet came to mind as he was taking the ATMI survey.     
Another point of discussion is Craig’s comment about being motivated by the 
spreadsheet to do the mathematics activities because the tool was “something new.”  One 
must take into account that the novelty of using a new technology—specifically one used 
in a content area he had always disliked—was perhaps what motivated him to use this 
tool to engage with the mathematics.  Thus, Craig may have been motivated by the 
spreadsheet simply because of the “newness” of it.  This novelty effect, as described by 
Bracht and Glass (1968) occurs when the results of a study are due to, or influences by, 
the newness (or novelty) of a treatment—in this case the spreadsheet.  Essentially, 
anything that’s different makes a difference.  Li and Ma’s (2010) meta-analysis examined 
the impact of computer technology (e.g., spreadsheets, data analysis software) on K – 12 
mathematics education.  Their statistically significant findings indicated that while 
shorter interventions (six months or less) were much more effective in promoting 
achievement than longer interventions (between 6 and 12 months), these results may have 
been influenced by the novelty effect.  They explained that as students got more familiar 
with the technology, such novelty effects tended to decrease, which often resulted in 
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diminished motivation to use the computer technology in a way that promoted learning.  
The duration of my study was only six weeks—most likely not enough time for this 
novelty effect to wear off for Craig.  Therefore, although Craig’s motivation to engage 
with the mathematics may have been influenced by this new tool, the effect may have 
only lasted for a short time, but for a period of time at least as long as my study.  In any 
case, even if only for a short time, Craig was motivated to use the spreadsheet to further 
engage with the mathematics. 
Abramovich and Nabors (1998) assert that one of the main advantages of using 
spreadsheets in the mathematics classroom is the problem solving ability promoted by the 
spreadsheet.  This ability allows students to formulate and answer “what if” questions.  
Craig’s motivation while using the spreadsheet for the final activity in the post-
interview—”No way!  You can do that?!—was based on his desire to investigate the 
possible accumulated interest scenarios presented in the financial mathematics activity.  
Using the spreadsheet tool afforded Craig the opportunity to explore the alternate 
scenarios and gain a better understanding of this concept.  Although he sometimes 
utilized the spreadsheet merely to manipulate data—”This is how I can copy and paste to 
move all of the rows down at one time,” and his level of understanding was sometimes at 
the lowest level—”I can’t be much help here; maybe we can look that word up,” as the 
classroom observations progressed, there were many times when he used the tool to make 
connections between two different representations of a concept.  For example: 
You could see everything you were working on with Excel.  And every time I 
wanted to try a different value for the function, I could see when I changed the 
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number in the table what it did to the graph.  I don’t think it would have made as 
much sense to me if I had to do it on paper because I couldn’t see the changes 
happening in both the table and the graph.   
Craig’s motivation to use the spreadsheet in this way helped him to glean a better 
understanding of the financial situation.  It enabled him to make sense of the connection 
between the different representations (Algic, 2003) and to make something that was 
previously abstract more concrete (Kilpatrick et al., 2001). 
Kelsey.  Kelsey’s initial Pre-ATMI score placed her in the High range, but at the 
end of the study, her overall Post-ATMI score had dropped into the Medium range.  In 
fact, all of her ATMI change scores, which generally agreed with her qualitative 
comments, resulted in either no change or a non-significant negative change at the end of 
the study.  Kelsey was partnered with Craig (Low ATMI) during the classroom 
observations and I conjecture that it was this pairing of students that had a negative 
impact on some of her attitudes by the end of the study.  Kelsey was a senior music 
education major and she valued mathematics greatly at the beginning of the study: 
I think math is completely essential to the growth and development of our 
society…  And music has a lot of math.  I find myself doing math on a regular 
basis when I’m playing [the flute] …like when we have to measure phrases…it's 
just quick stuff that you have to know pretty well.  Because you don't want to be 
the person that comes in playing at the wrong time! 
For Kelsey, the importance of mathematics continued for the duration of the study—”The 
math we learned this semester was not only fun using the spreadsheets, it also has plenty 
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of real-world applications, like taking out and paying for loans…especially since I’m 
graduating next semester and I’ll have student loans to pay.” 
Kelsey’s Post-ATMI score for Motivation decreased by the end of the semester 
and her Self-confidence score resulted in her only statistically significant change for any 
of the four factors—albeit a negative change.  Even though this Self-Confidence Post-
ATMI score was still in the High range, her comment, “I believe I am still an average 
math student...but I know there are concepts I could learn better,” was not indicative of 
someone with a high degree of self-confidence.  It is hard to say exactly what caused this 
decline in her self-confidence and motivation; perhaps it was because she was a senior 
and graduating the following semester.  However, I think if she had been working with a 
partner other than Craig—someone with a higher initial attitude toward mathematics—
these outcomes would have been more positive.  This conundrum is discussed later in this 
chapter.   
As did Craig, Kelsey used the spreadsheet to help pose and answer “what if” 
questions.  This was apparent after completing the activity during the post-instruction 
interview.  When we discussed how she thought the spreadsheet helped her to better 
engage with the mathematics, she stated, “It [the spreadsheet] gave me the ability to say 
‘Hey, I wonder what would happen if I tried that?’  You could go in and try it and see 
how big the changes [in the interest] really would be.”  For Kelsey, this type of 
engagement with the spreadsheet, and examining the different alternatives of the two 
interest scenarios, was an approach that engaged her higher-order thinking 
(Sounderpandian, 1989) and positioned her at the Relational level of understanding 
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(Biggs and Collis, 1982).  Interesting enough, during our first interview, Kelsey had 
discussed the effect that different types of mathematics has on this higher-order thinking 
ability: 
I think that taking calculus in high school, even though I don’t really remember 
much of the math and the concrete, the higher-thinking skills were important, like 
being able to put your mind in that mind set and being able to think that 
way…this helped me even when I wasn’t doing the math… and because, every so 
often, just like in life, you are going to have to solve abstract problems for 
yourself that don’t immediately have a steadfast answer in front of them, but 
being able to harken back to that higher mode of thinking and think in abstracts 
instead of concretes…that’s important. 
Kelsey valued this higher-order thinking and the spreadsheet’s ability to aid in this skill. 
Craig and Kelsey were the two students who spent the least amount of time 
engaged with the mathematics during the course of the classroom observations.  I believe 
this was in part due sometimes to just being generally “off task,” but more often issues 
with the spreadsheet technology caused this lack of engagement.  Craig and Kelsey had 
both indicated that while they were familiar with the spreadsheet, neither of them had 
ever used the technology in a mathematics classroom setting.  The spreadsheet lessons 
used for my study were meant to scaffold the technology (Niess, 2005).  However, I think 
that if Craig and Kelsey, as well as the other students, had a better initial grasp on the 
basics of the tool, they would perhaps have become engaged with the mathematics at a 
faster rate.  In other words, if the learning curve for using the technology was not as 
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steep, the students would have spent less time trying to learn the software and more time 
using the technology to interact with the mathematics during the observations. 
This thinking is in agreement with Lim (2005) who surveyed first year 
undergraduate students’ and found that significant deficiencies do exist in students’ 
knowledge about the use of spreadsheets in an educational setting.  Even though Kelsey 
was a senior, her spreadsheet knowledge as it pertained to classroom use was lacking.  I 
speculate that this lack knowledge limited the possible effectiveness of the spreadsheet.   
Teresa.  Teresa was the only student in this research study who started at a Low 
Pre-ATMI level and increased to a higher Post-ATMI (Medium) level.  This represented 
the highest positive change score (28.9%) among all participants.  In fact, there was a 
positive change score in all four of her quantitative ATMI factors (with statistically 
significant changes for Self-confidence and Enjoyment), as well as in all four of the 
qualitative MCW.  At the beginning of the study Teresa stated, “It’s important to be able 
to know what a graph means when you see it in the news…but usually what I’ve done in 
class doesn’t have anything to do with what I’m seeing.”  However, after the instructional 
phase, she recognized how the activities completed during the observations and post-
instruction interview applied specifically to her life: 
I think my perception has changed a lot over the course of the semester when I 
saw how some of the math in the activities could be used in real-life situations.  In 
high school, it was always the games we played in class and the food that made 
the math fun.  But now that I’ve done some of the things in class—like the 
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exponents in the Super Bowl ads activity—it helped me to figure things out and to 
want to see what was happening…or was going to happen. 
How Teresa valued the mathematics changed, as well as her self-confidence, motivation 
and perhaps even her enjoyment.  These results parallel Deitte and Howe’s (2003) 
findings, which claimed that college students who are more motivated to take 
responsibility for their own mathematical learning tend to view the mathematics they are 
learning in the classroom as interesting and useful in their lives outside of the classroom.  
Students are able to make connections between different mathematical concepts learned 
in the classroom and how these concepts relate to their own lives. 
Teresa’s greatest increase was for the Self-confidence factor, both quantitatively 
and qualitatively.  During the first pre-instructional interview, Teresa told me “Math kind 
of gets jumbled in my head.”  Nevertheless, by the end of the study, her responses 
changed to the likes of: 
I use to think I was a lot worse at math then I truly am…Being able to use the 
computers helped me with the math and to see how the answers I was getting fit 
in with the problem.  That was very helpful.   
Valerie.  Valerie was partnered with Teresa during the classroom observations.  
Her overall Pre-ATMI mean score, as well as all of her factor mean scores, placed her in 
the High range.  Valerie’s attitude toward mathematics, especially her self-confidence 
and the value she placed on mathematics, was evidenced throughout the semester.  “I 
have always liked math and have always been pretty good at it.”  These perceptions did 
not change throughout the instructional phase or at the end of the study.   
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I believe Valerie’s persistence in trying to understand how to use the spreadsheet 
tool and her commitment to make sense of the mathematics, was the reason for her 
positive, generally constant attitudes throughout the semester.   
When I got good grades [in high school], it encouraged me...sometimes I needed 
to practice more, but I kept practicing until I understood it.  I would also go get 
help from the teacher if it was something I was having trouble with…because if 
you have low grades in subjects like math, you should be practicing more.   
Although there was a slight (non-significant) decrease in the ATMI mean scores 
measuring Valerie’s motivation and enjoyment of mathematics, this was not evidenced in 
our discussion at the end of the instructional phase; she was still motivated by her desire 
to succeed:   
I liked working with the spreadsheets.  In the beginning I struggled because it was 
new to me, however, I used the YouTube lessons after each class to help 
understand some of the [spreadsheet] things better.  I realized the more I knew 
how to work with it, the more I wanted to know about Excel and its features. 
I cannot conclude, however, that it was the spreadsheet activities that abetted Valerie’s 
understanding of the mathematics.  She was an academically strong, motivated student 
and I believe she would have challenged and encouraged herself until she understand the 
mathematics content—and the utilized technology—regardless of the method of 
instruction used.    
Knowing that the spreadsheet was required for the activities in the future 
observations was what motivated and challenged Valerie to learn how to use the tool.  In 
219 
 
turn, although not quantifiable on the ATMI survey, realizing that this new technology 
could also be used to help her accomplish the activities broadened her appreciation for 
the spreadsheet.  In addition, it gave her another positive way to look at the mathematics 
she was successfully completing.   
Valerie and Teresa had the highest overall percentage of engagement with the 
mathematics during the classroom observations.  Initially, during the first observation, 
this pair of students struggled the most with the technology.  Based on the results of their 
submitted work, the linear function activity they completed was not difficult for them to 
understand, but having to use a new tool to engage with this concept appeared to be 
frustrating for them.  It was Valerie’s positive attitudes that encouraged her partner, 
Teresa, during the observations.  Teresa commented on the fact that although she was 
comfortable with the basics of the spreadsheet before the study started, she wasn’t really 
sure how to use it “to do the math.” 
During the exponential activity, Valerie showed me a lot about how to use the 
spreadsheet…It was also good to have her as a partner to be able to ask for help 
and to watch how she did things.  That’s when I first saw how the numbers we 
changed in the columns were updated in the graph…I never really used Excel that 
way before.”   
As stated earlier, I believe pairing these two students together was one of the catalysts for 
the increase in Teresa’s positive attitudes toward mathematics.   
Jordan.  Jordan was a student whose overall attitude toward mathematics started 
low and remained low for all four factors (Self-confidence, Value, Enjoyment, and 
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Motivation).  This was indicated by his low Pre-ATMI score (1.48) which remained 
unchanged at the end of the study.  His score was the lowest of all six participants, both 
before and after the instructional phase.  Jordan’s comments also mimicked these 
quantitative results at the commencement of the study:  “Math is my worse subject.  I 
have a difficult time getting it all to click in my brain…I’ve never liked it and it’s never 
been my thing.”  Jordan’s perceptions didn’t change when we discussed these attitudes 
during the post-instruction interview:   
I wasn’t a very good math student at the beginning of the semester and I’m still 
not very good.  There’s nothing that motivates me to learn math and I don’t find 
any part of it enjoyable.  I saw most of this stuff last year because this is my 
second time taking this class.   
Jordan, an undergraduate sophomore, had failed this course during his first year at the 
university.  A non-failing grade in this core mathematics course was a requirement for his 
Business minor.   
During both of our individual interviews, Jordan was sullen and his answers were 
usually short and to the point.  Unlike the other five participants, however, Jordan had 
used the spreadsheet technology recently during his summer job as a photographer at a 
local amusement park.  While he explained to me how he had used the tool to keep track 
of the park’s sales of the pictures taken of the visitors, he was very blasé about it.  
Therefore, he knew the basics of using the spreadsheet.  The use of it, however, in no 
way positively affected his attitudes toward mathematics.  He did not equate the use of 
the spreadsheet for his job with doing any classroom mathematics.  Nor do I think for 
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Jordan, that the use of the spreadsheet had any bearing on his sense making or 
understanding of the mathematics content during the instructional phase.  He was merely 
going through the motions to get the activities done and to pass the class.    
Sheila.  Sheila was Jordan’s partner during the classroom observations and, 
unlike Jordan, she had above-average mathematical abilities and very positive attitudes 
toward mathematics before the instructional phase.  These attitudes remained intact at the 
conclusion of the study, with no change in her overall Post-ATMI mean score of 4.83.  
Sheila’s assurance and perception of her self-confidence was apparent based on her 
comments both before and after the instructional phase.  “I’ve always liked math and 
have always been pretty good at it.  I’m very comfortable with most subject matter.”   
Sheila, a Business major, had taken a post-secondary technology class in which 
she learned the basics of using the spreadsheet, although she had never used the 
spreadsheet in any other high school course or for anything outside of these courses.  She 
claimed to see the value of both the spreadsheet technology and mathematics in general.  
“They [her past high school mathematics classes and post-secondary technology class] 
helped me to choose my field” and “All of the financial activities we did using Excel will 
help me in my Business classes in college.”  Ganter and Barker (2004) claim that 
spreadsheets have become useful tools for teaching mathematics concepts and also to 
engage students in the mathematics as they help students build skills for their future. 
However, while Sheila saw the need for the technology in her future, and the 
utility of this current mathematics class, she was not planning on taking any more 
college-level mathematics courses.  When questioned about this, she explained that 
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additional mathematics classes would not fit into her “grad plan” and that there were 
different electives she would prefer to take.  In fact, while most of the interviewed 
students (except Jordan) commented on the fact that they enjoyed using the spreadsheet, 
none of them insinuated that it motivated them to take additional mathematics classes in 
college—they were all anxious to complete what would be their final mathematics 
course.  
Like Valerie, Sheila’s attitudes and her confidences in her mathematical abilities 
were very strong.  I do not think there was much that could alter these perceptions over 
the short duration of the instructional phase of my research study.  Sheila did, however, 
state that the best thing she liked about mathematics was “when you’re doing a problem 
where there’s only one right answer…that way you always know if you were right or 
wrong.”  Through our discussions, Sheila acknowledged the fact that not all mathematics 
problems have one correct answer—usually a common belief among students with more 
negative attitudes toward mathematics (Schoenfeld, 1992)—but that she simply preferred 
those problems that did have one correct answer.  Some of the spreadsheet activities used 
during this study were designed to allow students to make and test conjectures (“what 
if?”).  These were not the type of activities Sheila favored.  “I don’t really like problems 
that end up having more than just one correct answer…but using the spreadsheet for 
those kinds of problems did help me to see how I could find some of the different 
answers.”  I believe that if Sheila had not been an above-average mathematics student, 
these “what if” types of activities would have had more of a negative effect on her 
attitudes.  Working the problems using an unfamiliar method, one different than she had 
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previously been successful using, might have been more stressful for her.  Nevertheless, 
because she did possess strong positive attitudes and was a strong mathematics student, 
she completed the activities successfully and did what was necessary to accomplish the 
activity. 
Although the pairings of the other participants (Craig and Kelsey, Teresa and 
Valerie) seemed to be beneficial for at least one of the members in the pair, there was no 
noticeable advantage in grouping Jordan and Sheila together.  This may have been 
because Jordan was the lowest-scoring student and Sheila was the highest-scoring 
student, both at the beginning and at the end of the study.  Jordan’s negative attitudes and 
long-held beliefs may have been too established to be affected by Sheila’s very positive 
attitudes.  Similarly, Sheila’s positive attitudes were not influenced by Jordan’s negative 
attitudes. 
Jordan and Sheila both agreed (independently in their interviews) that working 
with the other when completing the spreadsheet activities during the observations was not 
helpful.  The former two pairs of students did indicate that it was usually helpful to have 
a partner to work with during the activities.  Jordan and Sheila were very quiet students 
and had a hard time discussing their responses and reasoning with each other during the 
classroom observations.  There were several times during the observations when I had to 
remind them to discuss the problems.  It was hard to engage him in a conversation.  There 
were times during their few discussions when Jordan agreed with an answer, however 
terse, provided by Sheila.  However, many times I am not sure he fully understood her 
reasoning.  Sheila generally did not offer to help him further understand what she was 
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thinking; she was too focused on doing her own work.  When discussing the usefulness of 
working with a partner, each student individually stated similar sentiments about the 
futility: “It was OK . . . either way [with or without a partner] would have been OK” 
(Jordan) and “I usually like to work by myself on problems” (Sheila). 
If Jordan had been paired with someone more gregarious, such as Kelsey, perhaps 
he would have felt more comfortable asking for assistance, when needed.  He would also 
have been more likely to contribute to their mathematics conversation.  In addition, and 
similar to the other two groups, their discussion during the first observation involved the 
highest percentage of technology issues.  This percentage decreased over the course of 
the remaining observations as Sheila and Jordan, mostly through individual work, 
became more engaged with the mathematics.  This group, perhaps because there was not 
much conversation taking place, was also the only group who was never off task during 
an activity.  They were focused on the work.  
Summary of Student Pairs  
An unanticipated finding in this study was the effect the student pairings had on 
the attitude “shifts” of some of the students.  Sheila, Valerie, and Kelsey (in decreasing 
order of their Pre-ATMI scores) were the three students who initially had a “more 
positive” attitude toward mathematics then the other three participants: Teresa, Craig, and 
Jordan (in decreasing order of their Pre-ATMI scores).  While Sheila and Valerie 
remained in the High range of scores at the end of the study, Kelsey’s Post-ATMI score 
dropped her into the “Middle” range of scores.  Sheila and Valerie held stronger beliefs 
and more positive attitudes then Kelsey at the study’s commencement and were not 
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swayed in their convictions by their partners for the classroom observations (Jordan and 
Teresa, respectively).  Although results of this study are unable to verify such an 
assertion, it is interesting to ponder if Kelsey’s score had been higher, and her attitudes 
more positive, would she have been as affected by Craig’s more negative initial attitudes?   
Conversely, Teresa began the study with her Self-confidence and overall Pre-
ATMI mean scores in the Low range.  At the culmination of the study, both of these Post-
ATMI mean scores had ascended into the Middle range—a statistically significant 
positive change for both scores.  Teresa’s partnership with Valerie and Valerie’s positive 
attitudes might have been the motivator necessary to move Teresa to a higher level.  If 
Teresa’s attitudes had been more negative, would working with Valerie still have had 
such a positive impact on Teresa’s attitudes?  An unexpected outcome was the effect the 
pairings had on these “middle” students’ attitudes toward mathematics—notably for the 
Self-confidence factor.  This is discussed further in the Implications section.   
Additional Limitations of the Study 
In addition to the limitations previously discussed in this chapter, the following 
limitations were also evidenced during my study: 
Two sections of the Mathematics with Applications course—a core mathematics 
course required for the majority of students taking the class—were utilized for this 
research study.  The study took place at a small, private, liberal arts university in 
Northeast Ohio.  Both sections of the course met three times a week, and were taught in 
the same classroom by the same instructor.  Students used in this study self-selected a 
desired class section based on their scheduling needs; therefore, the participants were not 
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randomly selected.  The results obtained from this study reflect the attitudes of students 
in these two course sections.  These results, however, are not generalizable to a larger 
population of college students because of the nature of the setting.  
Hannula (2002) states that while beliefs regarding mathematics may not be as 
greatly affected as attitudes, the latter can change in a short period.  As previously 
discussed, even though research does support this potential for change, I consider the 
short duration of the instructional phase of my study another limitation.  I would like to 
have spent more time collecting data during the instructional phase, however, the 
mathematics concepts selected for this study’s investigation only spanned the middle six 
weeks of the semester.  Due to the pace of the course, no more time could be devoted to 
these topics.  In addition, even though six weeks might, in fact, be long enough to affect 
some students’ attitudes, there was no follow-up component in my study to determine if 
this was perhaps a permanent change in attitudes.   
The mathematics concepts investigated during my study presented a double-edged 
sword.  While I would like to have had more time to collect additional data, at the same 
time, the data I did collect was too diverse to be measured using the technology (MSPE) 
framework and the students’ understandings of the mathematics (SOLO) framework.  If 
there would have been only one main concept (e.g., linear functions) used during my 
study, I would have been able delve deeper into each student’s understanding of linear 
functions and how the spreadsheet might have been used to engage in this one concept.  
My present study included several mathematical concepts, therefore it was difficult for 
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me to see growth in a student’s conceptual understanding and how the technology might 
have contributed to this growth.   
One decision made during the initial review of the literature regarding students’ 
attitudes toward mathematics was not to include an “attitude toward technology” 
component in my research study.  Findings presented by Lehto and Vacher (2012) 
support the fact that students generally have a positive attitude toward the use of 
technology in the classroom; however, Lechto and Vacher’s study was done using 
students in a college geology course.  I am inclined to think that not all students feel as 
positive about the use of the technology, specifically when used in the mathematics 
classroom.  Therefore, it is possible that students’ attitudes toward technology, and 
specifically the spreadsheet, influenced the results of this present study.  Students may 
have focused on their frustration with the spreadsheet while taking the ATMI survey.  
Conversely, while completing the Post-ATMI, students may have only been thinking 
about the mathematics completed during the instructional phase.  Even if the spreadsheet 
did have a positive effect on their attitudes or understanding of the mathematics, I cannot 
be certain they associated the mathematics with the spreadsheet technology while 
completing the survey.  Tapia’s (1996) ATMI did not address technology in any way.   
A final, and what I consider one of the major limitations of my study, was the lack 
of preparedness of the students in using the spreadsheet.  The majority of the 36 students 
taking part in the spreadsheet activities did not have enough basic knowledge of how the 
tool was used.  Lim’s (2005) findings also indicated that significant deficiencies do exist 
in undergraduate students’ knowledge about the use of spreadsheets at the start of their 
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first year of college.  Furthermore, many students in the large sample (n = 36) were not 
prepared to partake in the class activities because they did not complete the spreadsheet 
homework component assigned beforehand.  This limited the effectiveness of the 
technology due to the time the course instructor and I had to spend going over the basics 
of the spreadsheet with many of the students.  
Implications for Future Teaching  
My purpose for investigating students’ attitudes toward mathematics with the use 
of the spreadsheet technology was based on the desire to discover how to best engage my 
students in mathematics courses where conceptual development is at least as important as 
procedural development.  My findings indicated that the spreadsheet tool could aid in this 
development.  In addition, the university where I teach has recently implemented a Bring 
Your Own Device (BYOD) policy in which all first-year students are required to have 
laptops to bring to class.  How prepared and “tech-savvy” are these incoming students 
when considering the type of technology required for the classroom—specifically for a 
mathematics class?  Unanticipated findings of my study have guided me in suggesting 
that more general technology instruction needs to be made available to all students either 
at the high school level or during a freshman orientation.  I was amazed at the lack of 
general knowledge (e.g., how to assess different programs, saving files to designated 
areas), not to mention general spreadsheet knowledge, of many of the students in the 
larger sample who participated in my study.  Educators wishing to utilize the spreadsheet 
in their classroom would benefit from lessons that scaffold the use of the technology.  
This would result in students gaining familiarity and becoming more comfortable with 
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using the spreadsheet.  In addition, scaffolding in this manner would keep the focus on 
the mathematics and not on the technology (Niess, 2005). 
This study’s unexpected findings relating to partner dynamics is something else 
that needs to be considered by mathematics educators at the post-secondary level—
specifically educators teaching courses for non-mathematics majors.  Although my 
findings are preliminary, they suggest that students who have a “Middle” attitude level 
are more easily swayed by students at either the more positive or the more negative ends 
of the attitude continuum.  Pairing a student with more or less neutral attitudes with a 
student possessing attitudes that are more positive might lead to increased positive 
attitudes for the former student.  On the other hand, if the same student is placed with a 
student possessing more negative attitudes, that same student may end up with attitudes 
that are more negative.  Thoughtful pairing of students needs to take precedence over the 
easiest or quickest way to pair students.   
While integrating the qualitative data using any two of the three frameworks 
(ATMI, MSPE, and SOLO) simultaneously was not an intended outcome in my study, 
this potentially may be done to determine if there exists a relationship between any of 
these three aspects.  For example, is there an association between the different levels of 
technology use and the different levels of understanding of a specific mathematics topic?  
One might conjecture that a student operating at a lower level of understanding will also 
be using the technology at its lowest level; however, there exists the need to investigate 
this in more detail.  Furthermore, there is the possibility that a relationship exists between 
a student’s attitude toward mathematics and either the level of understanding or the level 
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of technology use when engaging with the mathematics.  Again, the assumption might be 
that students scoring lower on the ATMI may also provide responses or actions at the 
lower levels of the SOLO taxonomy (i.e., Prestructural or Unistructural) and at the lower 
MSPE categories (i.e., Master, Servant).  Data, however, need to be integrated in such a 
manner as to determine if this is indeed the case.   
Implications for Future Research 
The ATMI (Tapia, 1996) did not involve a measurement of students’ attitudes 
toward technology, or a measurement of students’ attitudes toward mathematics when 
using any type of technology.  If the attitude inventory used for my study included a 
technology component, students’ attitudes toward mathematics as well as their attitudes 
toward the spreadsheet technology while engaging with the mathematics could have been 
assessed.  There exists a plethora of surveys which measure various levels of students and 
their attitudes toward mathematics, in addition to different tools which measure attitudes 
toward technology.  There is, however, a paucity of assessment tools which 
simultaneously measure both attitudes toward mathematics and attitudes toward the use 
of technology at any grade level (Pierce, Stacey, & Barkatsas, 2007).  From my recent 
investigation of these instruments, there are no inventories available that measure attitude 
toward mathematics with the use of technology, specifically for college-aged students.  
Implementation of such an instrument would allow a quantitative investigation of these 
attitudes without the doubts that the instrument is measuring something other than that 
suggested from the qualitative data. 
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Findings from various studies utilizing the ATMI found that the overall Pre-
ATMI mean scores were above the “neutral” score of 3.  This might indicate that all of 
these studies investigated students possessing “above average” positive attitudes toward 
mathematics; however, this is unlikely.  Therefore, there exists the need for the 
development of a rescaled, broader instrument to measure students’ attitudes toward 
mathematics.  Using a finer, more sensitive, scale of 1 to 7 would result in scores 
suggesting a broader range of attitudes—in both a positive and negative direction.   
A final, yet perhaps the most important implication for future research is based on 
the unanticipated group and social dynamics I discovered among the pairs of students.  
While designing my study, it had always been my intention to group a High Pre-ATMI 
student with a Low Pre-ATMI student.  The fact that the highest-scoring student was 
paired with the lowest-scoring student was random and strictly based on the availability 
of students in each of the two course sections.  As discussed in the previous sections of 
this chapter, the greatest change in attitude (one negative and one positive) was for the 
two students with the middle Pre-ATMI scores.  There has been research conducted 
(measuring both attitudes and achievement) on mathematics students of all ages in 
individual and group settings.  My research findings, however, suggest the need for 
additional studies based on mathematics partner settings—of which there is no current 
research available at the post-secondary level.  Although Topcu (2011) found that the use 
of spreadsheet activities had the greatest effect on the self-efficacy of medium performers 
in mathematics, this was based on students’ achievement levels, not on attitudinal levels.  
Therefore, there exists the need for further studies to investigate the possible effects of 
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the spreadsheet on those students at the middle attitude level.  The phenomenon of 
partner dynamics needs to be investigated further. 
This research study has impelled me to explore the results in two different ways.  
First, I plan to investigate more thoroughly the effects of the spreadsheet on students’ 
attitudes toward mathematics.  However, instead of using an actual class, my goal is to 
solicit a small group of volunteers to work through activities focused on one 
mathematical concept.  These activities will be developed in such a way that they can be 
differentiated based on students’ current levels of understanding.  Working with 
individual students in this manner will alleviate the need to cover specific topics in a 
given period of time (such as would be the case in the classroom setting).  A second goal 
based on this current study’s unanticipated findings is a study that will allow me to 
explore the dynamics of student pairs.  This investigation will take place in my own 
Mathematics with Applications classroom using similar students to those used for the 
current study.  For this future research, the focus would be on students’ attitudes toward 
mathematics in general—not with the use of any specific technology. 
Summary of Chapter 5 
The intention of this research study was mainly to examine the effects of the 
spreadsheet technology on college students’ attitudes toward mathematics.  An addition 
goal was to investigate how students’ use of this technology encouraged engagement with 
the mathematics.  NCTM (2014) contends that an excellent mathematics program 
“integrates the use of mathematical tools and technology as essential resources to help 
students learn and make sense of mathematical ideas, reason mathematically, and 
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communicate their mathematical thinking” (p. 5).  Technology infused in the 
mathematics classroom should not be used to replace, but to enhance, students’ learnings 
of important concepts and skills, and influence the mathematics being taught.  AMATYC 
and MAA support the use of technology in mathematics classes at the undergraduate 
level as well. 
Unintentional finding in this study relate to the partner dynamics and how specific 
pairings of students may affect an individual’s attitudes toward mathematics.  There 
exists the need for further studies to investigate these possible effects on the attitudes of 
different pair combinations—especially those students possessing attitudes at the middle 
level.    
The results of this study suggest that the use of the spreadsheet technology—and 
how it is used to engage with mathematics—will affect students at various attitude levels 
in a multitude of ways.  These differences are based on students’ experiences—positive 
and negative—with the technology and the mathematics.  Some students will be 
motivated by the use of any technology that will enhance and reinforce their past 
successful learning experiences.  For other students, the technology might motivate them 
to try and understand previously misunderstood concepts in new ways—perhaps even 
enlightening them as to how these concepts do apply to their own lives.  Mathematics 
educators, especially those at the college level, sometimes overlook these students.  We 
must be made aware of these students, because unless their thinking is provoked in a 
different, and perhaps new, way, an opportunity for engagement might be missed.  
Finally, there are the students who will not be—or refuse to be—influenced by the 
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technology; they are so inundated by negative experiences in mathematics, that the 
influence of any technology may not be effective.  For these students, educators are 
challenged to find the right spark—or combination of sparks—that will ignite these 
small, potential flames.   
  
 
 
 
 
 
 
 
 
APPENDICES 
  
 
 
 
 
 
 
 
 
APPENDIX A 
ATTITUDES TOWARD MATHEMATICS INVENTORY (ATMI) 
 237 
Appendix A 
Attitudes Toward Mathematics Inventory (ATMI) 
 
(Reference: Tapia, 1996) 
This online inventory consists of statements about your attitude toward 
mathematics.  There are no correct or incorrect responses.  Read each item carefully.  
Please think about how you feel about each item.  Circle the response that most closely 
corresponds to how the statements best describes your feelings. 
1 
Mathematics is a very 
worthwhile and necessary 
subject. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
2 
I want to develop my 
mathematical skills. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
3 
I get a great deal of 
satisfaction out of solving a 
mathematics problem. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
4 
Mathematics helps develop 
the mind and teaches a 
person to think. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
5 
Mathematics is important in 
everyday life. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
6 
Mathematics is one of the 
most important subjects for 
people to study. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
7 
College math courses would 
be very helpful no matter 
what I decide to study. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
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8 
I can think of many ways 
that I use math outside of 
school. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
9 
Mathematics is one of my 
most dreaded subjects. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
10 
My mind goes blank and I 
am unable to think clearly 
when working with 
mathematics. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
11 
Studying mathematics 
makes me feel nervous. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
12 
Mathematics makes me feel 
uncomfortable. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
13 
I am always under a terrible 
strain in a math class. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
14 
When I hear the word 
mathematics, I have a 
feeling of dislike. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
15 
It makes me nervous to even 
think about having to do a 
mathematics problem. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
16 
Mathematics does not scare 
me at all. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
17 
I have a lot of self-
confidence when it comes to 
mathematics 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
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18 
I am able to solve 
mathematics problems 
without too much difficulty. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
19 
I expect to do fairly well in 
any math class I take. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
20 
I am always confused in my 
mathematics class. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
21 
I feel a sense of insecurity 
when attempting 
mathematics. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
22 I learn mathematics easily. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
23 
I am confident that I could 
learn advanced mathematics. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
24 
I have usually enjoyed 
studying mathematics in 
school. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
25 
Mathematics is dull and 
boring. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
26 
I like to solve new problems 
in mathematics. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
27 
I would prefer to do an 
assignment in math than to 
write an essay. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
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28 
I would like to avoid using 
mathematics in college. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
29 I really like mathematics. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
30 
I am happier in a math class 
than in any other class. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
31 
Mathematics is a very 
interesting subject. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
32 
I am willing to take more 
than the required amount of 
mathematics. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
33 
I plan to take as much 
mathematics as I can during 
my education. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
34 
The challenge of math 
appeals to me. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
35 
I think studying advanced 
mathematics is useful. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
36 
I believe studying math 
helps me with problem 
solving in other areas. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
37 
I am comfortable expressing 
my own ideas on how to 
look for solutions to a 
difficult problem in math. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
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38 
I am comfortable answering 
questions in math class. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
39 
A strong math background 
could help me in my 
professional life. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
40 
I believe I am good at 
solving math problems. 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
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Appendix B 
Master, Servant, Partner, Extension-of-Self Framework (MSPE)  
 
(Reference: Goos, Galbraith, Renshaw, & Geiger, 2000) 
 
MSPE Category Description of Category 
 Master 
 
The student is subservient to the technology – a relationship 
induced by technological (limited operations used) or 
mathematical dependence (blind consumption of whatever output 
generated, irrespective of accuracy and worth). 
Servant 
 
Technology is used as a reliable timesaving replacement for 
mental, or pen and paper computations. Student “instructs” the 
technology as an obedient but “dumb” assistant. 
Partner 
 
Students often appear to interact directly with the technology, 
treating it almost as a human partner that responds to their 
commands – for example, with error messages that demand 
investigation. The calculator acts as a surrogate partner as 
students verbalize their thinking in the process of locating and 
correcting such errors. 
Extension-of-Self Students incorporate technological expertise as an integral part of 
their mathematical repertoire. Technology is used to support 
mathematical argumentation as naturally as intellectual 
resources. 
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Appendix C 
Structure of the Observed Learning Outcomes Taxonomy (SOLO)  
 
(Reference: Biggs & Collis, 1991) 
SOLO Level Description of Level 
Prestructural 
 
The task is engaged, but the learner is distracted or misled by an 
irrelevant aspect belonging to a previous stage or mode, or the task 
is simply not understood. 
Unistructural  The learner focuses on the relevant domain, but only looks at one 
relevant aspect to work with. 
Multistructural  The learner focuses on more than one relevant or correct feature, 
but does not integrate them. 
Relational The learner integrates several parts; the whole has a coherent 
structure and meaning. 
Extended abstract The learner generalizes the structure to take in new and more 
abstract features; this represents a new and higher mode of 
operation. 
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Appendix D 
Spreadsheet Lesson Examples 
Spreadsheet Scaffolding Activity
 
Adapted from “Scaffolding Math Learning with Spreadsheets,” by M. Niess, 2005, Learning & Leading with 
Technology, 32(5). 
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Excel Activity #1a: Finding Patterns (Classwork)       
How can you solve this “mystery pattern” to find the 30th value in this pattern? 
N Pattern 
1 7 
2 9 
3 11 
… … 
30 ?? 
How might a spreadsheet (i.e., Excel) be used to help solve this? 
 
1.)  Open a new workbook in Excel and enter the data from the table above.  
2.)  How can this pattern of values be extended using the Auto Fill on Excel? 
3.)  How can this pattern be extended using a formula to represent N? 
 
HOMEWORK  
As we did in class, you will be using Excel to create the table below as well as using both 
the recursive and explicit formulas to generalize the pattern.  (Again, see the key from 
class I posted if you need help.) 
N Pattern Recursive 
Formula 
Explicit 
Formula 
1 2   
2 5   
3 8   
    
 
1.)  Open a new workbook in Excel and enter the data from the table above. 
2.)  Use the Auto-Fill Handle to continue the “N” column down to 30.   
3.)  Use the Auto-Fill Handle to continue values in the “Pattern” column down to ….??  
(It should be 89!)   
4.)  Find the recursive formula needed (this is what Excel uses) to generate this pattern.  
You only need to type the 2 in the first cell of the “Recursive Formula” column.  
Then, in the cell below that, type in the recursive formula. Generate the remainder of 
the values using the recursive formula.   
5.)  Find the explicit formula needed to generate this pattern.  Using this formula, 
generate the rest of the values in the “Explicit Formula” column. 
6.)  Check your work… the last three columns should be the same!   
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Excel Activity #1b: Multiplication Table (Classwork & Homework) 
 
This activity will introduce you to the difference between relative cells and absolute cells in Excel. 
 
Recall from the “Patterns” activity done in class, that Excel uses a recursive method for 
generating values.  In other words, Excel thinks we want to always use what is in the 
preceding cell, unless we specify different. This is called relative cell reference.  (Kind of 
makes sense when you think of the word relative...) 
 
1.)  Open the Excel file “Multiplication Table-1b.xlsx”  
 
a.)  As demonstrated in class, to copy an exact formula to a new cell, absolute cell 
reference must be used.  ($A$1)  The dollar signs “locks” the cell and it is no 
longer a relative cell (won’t change when copied/pasted).  
b.)  Repeat this demonstration by creating the formula needed to multiply a value by 
2.   
c.) Paste this formula into a new cell so it gives the same result.  (Add the absolute 
cell references using the F4 key.)    
 
2.)  Click on the “Table by Row” column to view the next worksheet. 
a.)  To generate the first product of 1 × 1, we would need to enter the formula = 
A2*B2 (Try it.) Pretty easy, but what if we want to use Auto Fill based on this 
one cell?  What happens…?  
b.)  Using absolute cell references complete the multiplication table, Row by Row. 
 
HOMEWORK  
3.)  In the same Excel file used in class, click on the “Table by Columns” worksheet tab. 
 We completed this table Row by Row in class (key will be posted).  Using absolute 
cell references ($$) complete the multiplication table, Column by Column. 
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Excel Activity #1c: Exploring Cell Phone Plans  (Observation #1)  
    
I heard my neighbor kids (John & Peter) complaining to each other the other day that their 
parents wouldn’t let them have smartphones….they are only 7-years-old.  :0(   However, they do 
have pay-as-you-go “dumb!” cell phones and started arguing about who has the better cell phone 
deal.  Obviously they spend too much time listening to their parents!  
 
John:  My parents paid a lot of money for my phone. 
Peter: Big deal.  Mine cost way more than yours! 
John:  So what!  They also pay $30 a month for my cell plan and 25¢ for each minute I use each 
month.  
Peter:  Well, each of my minutes only cost 10¢, but my parents pay $60 each month for my plan! 
(At this point, John & Peter scratch their heads….not sure exactly what all that even means.)   
 
1.)  Working with your partner, discuss which plan you think is better.  You’re just making a 
guess here….  (What do we mean by better?  What are some factors that might need to be 
considered?) Explain your reasoning below. 
2.)  Open a new file in Excel and create a table based on the cell plan information for each boy.  
Please include column headers (labels).  Use the appropriate formula for each boy’s plan.   
3.)  Using your completed table insert a “smooth line” scatter plot.   What is the difference 
between an Excel scatter plot and an Excel “smooth line” scatter plot.) 
 
4.) Based on your table and/or your graph, can you determine which plan is better?  Explain.  Is 
this what you thought in #1?  (Remember, a guess is never wrong; it might just need a little 
adjustment!) 
5.)  Suppose another neighbor kid (Sheila) overhears this conversation and adds that her parents 
just pay $75 for her cell phone plan – nothing additional for the length of her call.  Add this 
information to your table and your graph.  How does this affect whose plan is now the better 
deal?  Discuss this with your partner; explain your reasoning below. 
6.)  What do both the y-intercept and the slope represent in the context of this scenario?  
7.)  Submit both this Word document and your Excel file through the appropriate link on 
BlackBoard.  
  
Formulas for each plan.  Don’t 
forget to start with the equal sign 
(=). 
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Excel Activity #2: Bailey & Mocha’s Playground  (Observation #2)  
 You will be completing this assignment with your partner; you will each be 
submitting the assignment. 
****************************************************************** 
I love my dogs, Bailey and Mocha, and when we got them a few 
years ago, we invested in an Invisible Fence for them.  However, 
we have so many deer in our neighborhood; the temptation is too 
great for them!  So…we needed to build a “playground” for them in 
our back yard.  We were able to use some fencing material we 
already had (about 76 feet), so decided to use that and to not spend a whole lot more on 
this new fence.    Also, we didn’t want the fence to be right off the back of the 
house…(double dogs = double the chance of stepping in something), so we needed to 
have the fence on all four sides of their playground.    
 
They’re big dogs, so we certainly wanted the area to be as big as possible… 
 
1.)  Take a guess: If the perimeter of this “puppy playground” is constant (P = 76 feet), 
how would the area change based on the different dimensions for length and width we 
might use?  Explain your reasoning….and remember – you are never wrong when 
you take a guess. 
 
At this point, keep this file open and handy (you’ll be returning to it), and open (and 
save) the Excel file “Bailey-Mocha”  You might see a warning about “enabling macros,”  
or “disabled activity.”  Please click to “Enable Content” which you need to do to use the 
file.  Upon opening the file you should be on the “Draw It” worksheet.  Follow the 
instructions on the “Draw It” worksheet… 
 
 **************************************************************** 
2.) (Welcome back!)  Based on the Excel table you just constructed and using the 
sliders with the graph:  
a.) Which “puppy playground” gives the dogs the largest area when the perimeter 
(P) is 76 feet?  
 
b.) As the length of the rectangular playground changes, how does that affect the 
width and area of the playground?  Explain any patterns or relationships you 
notice.  (Did your partner notice anything different?) 
 
(Activity continued.) 
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Activity #2: Bailey & Mocha’s Playground  (continued)    
 
c.) Does the maximum area of the playground always occur with a certain shape?  
Explain this using your own words, and then use algebraic notation to explain. 
 
Investigate the “Show All Points” worksheet in the Excel file and then answer the 
following questions: 
3.) What is the shape of the graph of all the data points (X, A)? Why does this make 
sense? Which Length of X gives the maximum value for A? Why? 
 
4.) Make conjectures about the dimensions and maximum area for the perimeter 
values below.  (Use the graph and sliders to verify your conjectures.)   
 
Perimeter 
(P) 
Dimensions of the rectangle with the maximum area 
X Y Max area 
40    
60    
90    
100    
125    
 
5.) If we had 158 feet of fencing, predict what the dimensions would be of the 
rectangle with the maximum area.  Explain how you made this prediction. Create 
a rule as a function of P to obtain the length of side X which gives the maximum 
area. (You can confirm this rule using the values from your table in #4.) 
 
6.) Between you and your partner, can you find any other relationships between P, X, 
Y and the maximum area?  (Use the table or any of the spreadsheet tools to help.)   
 
7.) BONUS:   Create a general equation for determining the Area (any area, not just 
the maximum area) of a rectangle given both a fixed P and length of side X. How 
does this equation relate to the shape of the graph in the spreadsheet?   How does 
this compare to the rule you created in #5 (a function of P to obtain the length of 
side of X which gives the maximum area)?   [This one might be a little 
tougher…that’s why it’s a bonus!] 
 
8.) You and your partner should both submit your individual Word document and 
Excel files via the BlackBoard corresponding assignment link. 
 
Adapted from Drier, H. (1998). http://www.teacherlink.org/content/math/activities/ex-
area/guide.html 
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Excel Activity #2: Bailey & Mocha’s Playground  (Excel worksheets)   
”Draw It!” Worksheet 
254 
 
“Table” Worksheet
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“Max Area” Worksheet 
 
 
Show All Points” Worksheet 
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Excel Activity #3: Super Bowl 2013 Commercials 
  
 
Experts estimate that about 78% of the people in the 
U.S. watched Super Bowl XLVII in 2013.  With all 
those people watching, the value of commercial time is very expensive.  The 
table to the left shows the cost of a 30-second Super Bowl ad each year since 
the first Super Bowl in 1967. 
1.) Looking at the values in the table, decribe how the cost of the 
commercials has increased over time. (i.e., is it a constant growth (rate of 
change)?  Any patterns?) 
2.) Make a conjecture as to what an ad might cost during the 2014 Super 
Bowl.  And remember that a conjecture is just a guess!!  It’s OK to make an 
estimate that might need to be adjusted when we get more facts or data.  
3.) You will be using Excel to create a scatter plot for this data.  But first 
note that when creating a scatter plot you do not connect the data points with 
lines as you might do with a line graph (or a “smooth line” scatterplot on 
Excel).  Why wouldn’t it make sense to connect the data points for this Super 
Bowl Commercial data?   
4.) Open a new file in Excel and save it where you can find it.  
Copy/paste the table to the left into your spreadsheet and use this data to 
create a scatterplot in your worksheet. Give your scatterplot a title and give 
both axes appropriate titles.   
5.) Looking at your scatterplot, it might now be easier to describe how 
the cost of the commercials has increased over time…is this the same way 
you described the increase in #1?   Describe what you see in detail.   
6.) You should have noticed that the cost of a Super Bowl ad has not 
grown linearly.  However, if it was a linear growth, describe how the cost of 
the ads would have been increasing.   
7.) The actual cost looks like it’s growing somewhat (not perfectly) 
exponentially.  But it looks close enough to use this data as an exponential 
model.  This means that we can multiply by the same value year after year to 
find the cost of the following year’s ad.  To determine whether this is true, 
simply divide an ad cost by the cost from the year before.  
For example, if you divide Super Bowl 41’s ad cost by Super Bowl 40’s cost:  
   $2,600,000/$2,500,000 = 1.04 
This means there was a 4% increase in the cost of the commercials.  This also 
means that you should be able to multiply $2,500,000 by 1.04 and get 
$2,600,000. 
 
(Activity continued.) 
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8.) With your partner, set up a formula to find the quotient between each year of Super Bowl 
ads.   Put the formula in the appropriate cell and use it (drag it) for the whole column.  
Verify after you drag that the cells contain the correct division formula.     
9.) What does the typical quotient look like?  (Greater than 1? Less than 1?)  Can you find an 
average (typical) quotient?  Can you use Excel to find this average quotient?  (There is 
more than one way you might choose to do this using Excel.) 
This average (typical) value can represent a rough estimate of what we multiply by to get future 
ad costs.  When we multiply by this value over and over again to find the next ad cost we refer to 
it as the growth factor.  (e.g., If you found that the typical (average) quotient is 1.19, that means 
that typically the Super Bowl ad cost increases by 19% per year and that our average growth 
factor is roughly 1.19.  By the way, that was just an example; the growth factor is not 1.19.  )   
10.) While this growth factor can certainly be used as a possible model for estimates of future 
years, can you think of reasons why the model might not be exact?   
11.) Use your typical growth factor to find the potential cost of a 30-second ad during the next 
three Super Bowls (Years 2014, 2015 & 2016).  Please show your calculations. 
12.) How does the cost you calculated for the 2014 game compare with your conjecture in #2? 
13.) Add these three new data points to your Excel table and scatter plot.  (You may have to 
reselect your data to add these points to your scatter plot.)  Do they seem to fit in with the 
trend?  Why or why not? 
14.) Find an exponential equation (model) that gives the cost for a Super Bowl ad for any 
number Super Bowl. Use the general form 𝑓(𝑡) = 𝑦0𝑏
𝑡 where 𝑦0 represents the initial 
value, b represents the growth factor, and 𝑓(𝑡) represent the cost at a given year.  What 
would t represent in this model?  Explain how you can check the accuracy of your model.  
15.) Using your model from #14, can you predict when a 30-second Super Bowl ad will cost 
one billion dollars?  Explain how you found this answer.  Describe how this agrees with (or 
doesn’t agree with) your scatter plot. 
16.) Does it seem realistic that the cost of a Super Bowl ad will continue to grow at this rate?  
Explain. 
17.) Can you find any online predictions for the cost of a Super Bowl ad for the 2014 game?  If 
you were able to find any, what is the source (web site) and what is this prediction based 
on? 
 
Adapted from Yummy Math http://www.yummymath.com/2013/how-have-super-bowl-ads-changed  
40 2500000
41 2600000 1.04
These values (quotients) represent the number 
that we multiply by to get to the following 
year’s cost of a Super Bowl ad. 
258 
 
Excel Activity #4: Exploring Compound Interest 
The ability to predict the future is an invaluable task when dealing 
with money. Who would have guessed gas would quadruple in 
price in a span of ten years?!  While making predictions about 
future gas prices is a nearly impossible task, when investing money in 
a bank account, the future value can be predicted with a great deal of certainty. 
1.) Do you currently have a savings account?  If you do, what is the current interest rate?  
(Look it up online now if you need to.)  If you don’t have a savings account, choose a 
bank that your family uses or is familiar to you and find the current interest rate the 
bank uses for savings accounts.  [If you and your partner came up with different 
interest rates, agree on one to use for this assignment….they will probably be pretty 
close anyway!]   
What interest rate did you and your partner agree on using?  _________ 
2.) Banks usually pay compound interest (versus simple interest).   Explain the difference 
between these two types of interest.  Give an example using both methods. 
3.) Previously you learned the future value for a given amount of money can be found 
using the following compound interest formula: 
𝐴 = 𝑃(1 + 𝑖)𝑛 
a.) What does the variable i represent?  (Explain it so it makes sense to you.) 
b.) What does the exponent n represent?  (Explain it so it makes sense to you.) 
c.) It’s conjecture time… Do you think an amount of $1000 invested for 5 years 
and compounded monthly will yield a larger or smaller value than $1000 
invested for the same 5 years but compounded quarterly? Explain your 
reasoning. 
4.) Now it’s time to get creative!  Open the Excel file “Compound Interest” (and save it 
so you can submit it for this assignment).  This file contains the general layout you 
will use for calculating the future amount of this $1000 based on different 
compounding periods and for different lengths of time.   
Unfortunately, with the incredibly low interest rates banks are now offering for savings 
accounts, you probably won’t make much interest on the $1000 invested at the rate you 
found above from your bank.   A few decades ago, banks were able to offer higher 
interest rates.  For this activity, we will start by using an interest rate of 4% (which was a 
more common average interest rate before rates started to decline in the early 1990s). 
(Activity continued.) 
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a.) Look at the example in the table ($1000, 4%, compounded monthly for 5 
years).  Click on cell F4 to view how the formula is used to compute the 
Future Value (A).  Note how the cell names are used in place of the variables 
in the formula.   
b.) Using the Excel table, construct four (4) more scenarios keeping the same 
interest rate (4% = 0.04) and the same Principal ($1000).  For these first four 
scenarios, keep the time (t) at 1 year, but change your compounding period to 
reflect semi-annual, quarterly, monthly, and daily compounding periods.  
(Note: If your formula is done correctly for the “Future Value,” the answer 
cell should update whenever the values in the preceding columns are changed.  
Don’t forget you can drag the formula from F4.)    
Describe any patterns you see based on changing the compounding period. 
How does this agree (or disagree) with your conjecture from #3c? 
c.) For the next six scenarios, keep the compounding period at monthly (n = 12), 
but change the time (t) to show 1 year, 2 years, 5 years, 10 years, 20 years, 
and 50 years.   
Describe any patterns you see based on changing either the length of time. 
d.) Finally, for the last eight scenarios, use the current interest rate you and your 
partner found on the online site.  Keep this rate constant; however create 
different scenarios changing either the compounding period or the length of 
time (or both) to explore different possible future values for investing this 
$1000.   (Don’t be alarmed if you don’t see much change with such a tiny 
interest rate!)  
Describe any patterns you see based on changing either the compounding 
period or the length of time.  Does it appear that changing one is better 
than the other? 
5.) Use the Excel scenario #10 ($1000, 4% compounded monthly for 50 years) to answer 
the following questions: 
a.) What was the future value after 50 years?   
b.) How much interest was made on this $1000 after 50 years?   
c.) How much interest would be made if your bank only calculated the interest 
using a simple interest formula?     
 
Adapted from Illuminations http://illuminations.nctm.org/LessonDetail.aspx?id=L761& MARS 
http://map.mathshell.org/materials/ lessons.php?taskid=426&subpage=concept 
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Excel Activity #4: Exploring Compound Interest (Excel Worksheet) 
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Excel Activity #5: The Cost of Being Late 
Congratulations!  You just got free Chipotle and all 
you needed to do was sign up for a credit card…  
Your new card has the following terms and 
conditions: 
 Credit limit $1,000  (sounds good.) 
 
 Introductory rate of 10% APR (Annual Percentage 
Rate) for the first 6 months on cash advances, 
transfers, and purchases.  (sounds OK.) 
 
 Default rate (rate paid after the promotional period expires) 22% APR   (maybe not so 
good.) 
 
 Late fees for payments not received on or before the due date: $40 and the interest 
increases to 28% APR.  (ouch.) 
 
A few “opener” questions:  Discuss the following with your partner and summarize 
your thoughts below. 
1.) What does it mean to purchase something on credit? 
2.) There are lots of good “introductory rates” out there.  How do you think 
merchants can stay in business if they are lending money to consumers to 
purchase goods but not charging interest for the use of that money over time? 
3.) What is meant by minimum payment and who do you think determines the 
minimum? 
4.) What is the difference between a credit card and a debit card…or is there a 
difference? 
So…you are so excited not only with your Chipotle, but also to have received your first 
credit card that you decide to take you friends out to dinner.  But you want to look 
good, so you first go shopping for a new outfit. Here’s how you use your credit 
card: 
 $175 to Express   $89 to Payless Shoes   $39 Body Expressions   
AND 
 $229 for dinner for you and your friends at Rosewood Grill (nice of you!)   
 
(Activity continued.) 
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5.) What was the total amount charged to your card?  (No worries, you don’t have to 
pay it all at once, right?)  You figure you can afford to pay $20 a month to pay off 
your balance.  Even if the bank didn’t charge you interest (fat chance!), how many 
months would it take you to pay off this balance making $20 monthly payments? 
6.) But of course you pay interest too.  Take a guess: How long do you think it will 
take to pay the balance on this credit card at the interest rates stated above?   
7.) Open the “Cost of Being Late” Excel spreadsheet.   Enter the amount you 
charged in the “Purchase” column (C8) in the table.  No fees (yet) and no interest 
due during the initial month.  
8.) So month #1 rolls around.  You make no new purchases on your card and you 
make your first payment of $20.  What is your new account balance?  This is the 
amount you still owe.  Explain how this amount was calculated.   
9.) Click on cell G9 to view the formula for Interest Paid.  Explain how this formula 
is being used to calculate the interest. 
10.) Wowza!  That’s still a lot you owe so you decide not to make any new purchases 
with your card for a while.  For months 2 through 6 enter your payment of $20 
and the Introductory interest of 10%. What is the new Initial Balance for the start 
of month 7? 
11.) Now that your Introductory interest rate of 10% is over, what is the interest rate 
now?  Enter the correct values in the table for months 7 – 12.  (Still $20 monthly 
payments and no new purchases.) 
12.) Unfortunately, the next month (#13) is Christmas and while you still are not going 
to charge anything new on your credit card, you also decide not to make a 
payment…one time shouldn’t matter, right?  Therefore during the following 
month (#14), not only are you charged the late fee of $40, but your interest rate is 
also jacked up to 28%...and remains there. (double ouch)  Enter this new 
information into your table. 
13.) Continue filling in the table until your balance reaches $0.  What was the overall 
cost of buying on credit?  How long did it take you to pay off this credit card?   
 
(Activity continued.) 
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14.) How close were you to your guess about the length of time you would need to pay 
off this credit card in #6.  (Recall however that for #6 you might have used 10% 
for the whole loan and no $40 fee.) 
15.) You would think that if you made payments that were twice as big ($40) that you 
would pay off your initial credit card purchase in half the amount of time.  Is this 
true?  Explain why you think this is happening. (Change the values in the 
spreadsheet to simulate this new scenario; as before, assume no new purchases, 
the same missed payment and $40 fee, and the same interest rates you used 
above.) 
16.) Use the spreadsheet to simulate the following: Suppose you start with the same 
initial credit card purchase, but now also make new monthly purchases of $30.  
You want to pay off your credit card in 2 years…how much would your monthly 
payment have to be?  (Use a constant APR of 22%, and assume you do not pay 
any “late” fees this time.)  How much interest will you have paid? 
17.) What do you personally think is the wisest thing to remember when using a credit 
card? 
18.) You and your partner should both submit your individual Word document via the 
BlackBoard assignment link for Excel Activity #5.  
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Excel Activity #5: Cost of Being Late (Excel Worksheet) 
265 
 
Post-Interview Activity #1: The Genie’s Offer 
The following activity was used during the post-interview with the six purposely selected 
students.  In this problem, students investigate the behavior of both a linear and an 
exponential function by constructing a table of values and the corresponding graph based 
on the formulas for each type of equation.  Students use these different representations to 
answer questions pertaining to the situation.  The second part of this problem involves the 
use of the dynamic worksheet to verify student’s conjectures. 
 
Exploring The Genie’s Offer 
Suppose a magic genie offers you a choice: The genie will give you 
$1000 on the first day of the year and will add $1000 to what you have 
on each succeeding day of January until the end of the month (Offer 
#1). 
 
Or…you may choose to receive 2 cents on January 1st, and each day for the rest of the 
month, the genie will double the amount you had on the previous day (Offer #2). 
 
1.)   Which deal sounds better to you and why? 
 
2.)   Use Excel to create a table similar to the one below to test your conjecture.  Use the 
appropriate formulas for the second and third column, and fill in the spreadsheet 
table until the end of January. 
 
Day in 
January 
Total $ with 
Offer #1 
Total $ with 
Offer #2 
1 1000 .02 
2 2000 .04 
3 3000 .08 
4   
…   
31   
 
3.)   What does the Excel table show?  At approximately which day does one of the 
offers become the better deal?  Can you explain this?  Is this the offer that you 
originally thought would be the best deal? 
4.) Use the values in your Excel table to create a graph (scatterplot with smooth 
lines) for each of these offers.  Put both of the graphs on the same set of axes.  
(Label each graph accordingly, change the scale on your graph to clearly see 
what is happening.)  Explain what you see happening with the graphs.   
(Activity continues.) 
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5.) Look at the table you created in Excel.  What pattern can you see after each day 
(d) if you take Offer #1?  Let m represent the amount of money you have after d 
days and write the equation that shows this.  Using your equation, how much 
money will you have with Offer #1 after 20 days?  Verify this is the same thing 
your graph is showing.  
  
6.) Now repeat this same process with Offer #2: What pattern can you see after 
each day (d) if you take Offer #2?  Let m represent the amount of money you 
have after d days and write the equation that shows this.  Using your equation, 
how much money will you have with Offer #2 after 20 days?  Verify this is the 
same thing your graph is showing.   
 
7.) Name the two different functions each of the genie’s offers produced.  Explain 
how you know each is that type of function.  Explain how each of the 
corresponding graphs is behaving. 
 
8.) Make a conjecture (a guess!): What would happen to the total money at the end of 
the month if for Offer #2 you only started with 1 cent on January 1
st
?   When does 
Offer #2 now become the better deal?  How does this compare with your earlier 
answer from item #3? 
 
9.) Let’s take this one step farther…suppose that you started on January 1st with 4 
cents for Offer #2.  When does Offer #2 now become the better deal?  Again, how 
does this compare with your earlier answer from problem #3?   
 
10.) Check your conjectures by using the accompanying “Dynamic Genie” 
spreadsheet.  Using the “sliders,” check your conjectures from #8 and #9 above.   
 
Discuss any patterns based on the amount of money you started with on January 
1
st
 for Offer #2.   
 
What kind of patterns do you see if you adjust the amount the genie started you 
with for Offer #1?   
 
  
 
 
 
Adapted from “Quantitative Reasoning: Tools for Today’s Informed Citizen,” by A. Sevilla 
& K. Somers, 2007, Hoboken, NJ: Wiley.  
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Post Interview: Dynamic Genie (Excel Worksheet) 
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Post-Interview Activity #2: Buying On Credit 
 
A credit card company’s motto is “See the World on 
Credit!”  Consider the following requirements: 
 1.387% interest is charged on the unpaid balance 
in an account each month; 
 There is a required minimum payment of 2% of 
the outstanding balance each month.  
 
Conjecture #1:  Suppose you charge $100 each 
month and make only the minimum (2%) 
payment each month.   After 24 months, will you still owe money to the credit 
card company?  About how much do you think you will still owe?     
 
Conjecture #2:  Suppose you make an initial purchase of $2400 and then no other 
monthly purchases.  Using the same interest and payment requirements, how 
much would you still owe after these 24 months?  
 
 Use the table in Excel to keep track of your monthly payments and new 
balance for each of these scenarios. 
 
Would you ever be able to pay off the balance under these conditions? 
 
How would changing any of the requirements affect your remaining balance? 
 
Is the interest paid different between these two scenarios?   
 
 
Adapted from “High School Mathematics at Work: Essays and Examples for the Education of All Students,” 
by Mathematical Sciences Education Board, 1998, Washington, DC: National Academy of Sciences.  
Retrieved from http://www.nap.edu/catalog/5777.html  
See the 
World on 
Credit! 
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Post Interview: Buying On Credit (Excel Worksheets) 
Scenario #1 
 
Scenario #2 
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Dynamic Credit Balances 
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Appendix E 
Student Informational Letter 
 
Date: August 26, 2013Dear Math 136 Student: 
 
I am an adjunct instructor in the Math and Computer Science Department at 
Baldwin Wallace University and a PhD Candidate in the School of Teaching, Learning, 
and Curriculum at Kent State University.  I am conducting a study on how the use of a 
spreadsheet-based learning environment develops students’ sense makings and 
conceptual understandings of mathematics, and the possible effect this sense making and 
understanding may have on students’ attitudes toward mathematics.     
If you are at least 18 years old, I am asking for your assistance in this study by 
participating in an initial online survey within the next week regarding your attitudes 
toward mathematics.  This initial survey contains short-answer questions regarding 
demographic and mathematical background information, in addition to attitude questions, 
which will be answered using a Likert-type (rating) scale.  The survey will take 
approximately 30 minutes; the link to the survey can be found on your Math 136 
BlackBoard site under the “Research Study” tab.  The first page of the online survey 
contains the informed consent form.  By clicking on the “I Agree” button on the first 
page of the survey, you will be indicating that you understand the statements of this study 
and freely consent to participate in the study.  A similar online survey will also be 
conducted at the end of the semester.   
Your participation in this study may potentially contribute to our understanding of 
students’ attitudes toward mathematics at the college level.  In addition, students 
completing both online surveys will have the opportunity for their names to be entered 
into a drawing to win a $50 gift card from the Baldwin Wallace book store.    
 Six students completing the initial online survey will be randomly selected and 
offered the opportunity to participate in two (2) individual interviews during the 
semester.  These video-recorded interviews will take approximately 45 minutes and will 
be set up at a time and place convenient to the student.  The researcher will also be 
conducting six video- recorded classroom observations throughout the semester; these 
observations will take place during normal class meeting time.  The dates for these 
observations are: Friday, Sept. 13; Wednesday, Sept. 18; Friday, Sept. 27; Wednesday, 
Oct. 9; Wednesday, Oct. 15; and Wednesday, Oct. 23.  Students completing both 
interviews and attending all classroom observations will be compensated with a $20 gift 
card from the Baldwin Wallace book store and will still be eligible to win the $50 gift 
card for their participation in the two surveys.  The drawing for these gift cards will be 
done after the final interview has taken place (approximately Week 14 of the semester) 
and the winner(s) will be confidentially informed. 
If you agree to participate in the interviews and observations and/or in the 
surveys, you may be assured that your participation will remain completely confidential.  
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No names will be attached to any notes or records from the surveys, interviews or 
observations. All information will remain in locked file cabinets accessible only to the 
researcher.  No other student, faculty member, or university staff will have access to the 
survey, interview, or observation information.  You will be free to stop the survey or 
interviews and withdraw from the study at any time with no negative consequences. 
Further, you may be assured that your decision to participate or to not participate in this 
study will have no bearing whatsoever on your semester grade.  Your Math 136 instructor 
will not have access to any of the information obtained from the interviews, observations, 
and/or surveys.  
If you have any questions or concerns about this research, you may contact the 
Principal Investigator/Project Advisor, Lisa Borgerding at ldonnell@kent.edu or 330-
672-0614 or the Co-Investigator, Peggy Slavik at pslavik@bw.edu or 440-781-8989.  
This project has been approved by the Kent State University Institutional Review Board, 
and the Baldwin Wallace Human Subjects Review Board.  If you have any questions 
about your rights as a research participant or complaints about the research, you may call 
the Kent State IRB at 330-672-2704, or the Baldwin Wallace HSRB at 440-826-2047 at 
any time.  Your participation would be greatly valued!      
 
Sincerely, 
 
 
Peggy Slavik 
Mathematics Instructor, Baldwin Wallace University 
PhD Candidate, Kent State University 
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Appendix F 
Pre-Instruction Perceptions and Beliefs about Mathematics Survey 
(Pre-PBMS) 
 
Thank you for your help with this online survey.  Please answer the following 
questions as completely as possible.  Your responses will be used strictly for item 
analysis for this study. 
 
1.) Enter your mother’s maiden name followed by the year of your birth (e.g., 
smith1993. This will be used for matching this survey with the one you will take at 
the end of the semester.): 
 
2.) Enter your preferred email address: 
 
3.) Select your gender: 
 
    Male 
 
    Female 
 
4.) Enter your age in years below.  (Please use whole number answer only.) 
 
5.) Select your Math 136 section: 
 
    Section 3 (MWF: 10:10 – 11:00)  
 
6.)     Section 6 (MWF: 2:05 – 2:55) How well do you know how to use a 
spreadsheet (e.g., Excel)? 
  
    Very well (formulas, graphs, charts) 
 
    OK (basic stuff) 
 
    Not at all (What’s Excel?) 
7.) Please explain what type of access you have to a computer with spreadsheet 
software (such as Microsoft Excel or Macintosh Numbers).  Specifically, do you 
own your own computer, and/or do you live on campus and have access to the 
University computer labs? 
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8.) How would you describe yourself as a mathematics student?  (i.e., any struggles or 
challenges, comfort with the subject matter, etc.)  
 
9.) In your opinion, what does it mean when someone says they “understand math”?   
 
How would you complete the following sentence?  “One thing I believe about math 
is that __________________.”   
10.) What are some things that motivate you to learn mathematics?  What aspect of math 
do you like/find enjoyable? 
 
 
 
 
 
11.) In what ways has the mathematics you’ve previously learned been useful to you? 
 
12.) What types of technology (if any) have you used in previous mathematics classes?  
Please be as specific as possible as to what you did with the technology. 
 
13.) Six students will be randomly selected to volunteer their participation in the two 
individual interviews conducted for this study.  If you were one of the students 
randomly selected, would you consider participating in the interviews? 
    Yes 
 
    Maybe 
 
    No 
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Appendix G 
Online Informed Consent Form 
 
Study Title: Students’ Attitudes Toward Mathematics in a Spreadsheet-Based Learning 
Environment 
Principal Investigator: Lisa Borgerding  Co-Investigator: Peggy Slavik 
You are being invited to participate in a research study. This consent form will provide you 
with information on the research project, what you will need to do, and the associated risks 
and benefits of the research. Your participation is voluntary. Please read this form carefully. 
It is important that you ask questions and fully understand the research in order to make an 
informed decision. This consent form will remain on the first page of the online survey so 
you will have access to it at any time during the course of the study.  Before taking part in 
this study, please read the consent form below and click on the “I Agree” button at the 
bottom of the page if you understand the statements and freely consent to participate in the 
study. 
   
Consent Form 
Purpose  
This research study will examine students’ attitudes toward mathematics in a spreadsheet-
based learning environment.  In addition, students’ conceptual understanding and sense 
making of financial mathematics and modeling of linear, exponential, and quadratic functions 
will be explored within the spreadsheet-based learning environment.  This study is being 
conducted by Lisa Borgerding and Peggy Slavik, and is approved by the Kent State 
University Institutional Review Board and the Baldwin Wallace Human Subjects Review 
Board. Neither the principal investigator nor the co-investigator are instructors for your 
course. 
Procedures 
If you are a student who is at least 18 years old, you are invited to participate in on online 
survey that will take about 30 minutes to complete.  This survey contains short-response 
questions regarding your past mathematical experiences and 40 Likert-type math attitude 
questions that will be answered using a rating scale.  A similar online survey will also be 
conducted at the end of the semester.  You will be asked to enter your mother’s maiden name 
and your birth year for the purpose of matching the initial survey with the survey you take at 
the end of the semester. 
Six students completing the initial survey will be randomly selected and offered the 
opportunity to participate in two (2) individual interviews during the semester; the first 
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interview will take place sometime during the third week of the semester, the second 
interview will take place during the tenth and eleventh week of the semester.  These 
interviews will involve questions pertaining to your past mathematical experiences, your 
attitudes toward mathematics, and how you make sense of different mathematical concepts.  
Each of these video-recorded interviews will take approximately 45 minutes and will be set 
up at a time and place convenient to you.  During the second interview you will be asked to 
complete a problem similar to one you completed in class.  You will have access to a 
spreadsheet (i.e., Excel) to work on the problem.  Participation in these two interviews is 
entirely voluntary; if you are one of the students invited to take part in the interviews, it will 
be your decision to participate or not.  After the last interview has taken place, the researcher 
will send you an email with her interpretation of your responses during the interviews and 
observations to ensure accuracy and to make sure you agree with the interpretation of your 
responses.     
 
During the financial mathematics and modeling components of the semester (weeks three 
through nine), the researcher will also be conducting six observations in your classroom with 
these same six students.  These video-recorded observations will take place during normal 
class time.  Participants, working together in groups of 2 or 3 students, will be placed in the 
back row of the classroom so they may be video recorded unobtrusively.  These observations 
will allow the researcher to see how the spreadsheet technology is being used in the 
classroom and how students are making sense of and understanding the mathematical 
concepts.  The dates for these six observations can be found on the Student Informational 
Letter you received in class; a copy of this letter is available on your Math 136 BlackBoard 
site. 
 
Video Recording 
The individual interviews and classroom observations will be recorded using video recorders.  
A video consent form will be given to you during the first interview if you are one of the six 
students randomly selected and should you choose to participate in the two interviews and the 
observations.  You will also be given the opportunity to sign the video consent form before or 
during the first interview to give the researcher permission to use the data from the video 
recordings in the research study.   
 
Benefits 
You may benefit from knowing that your perceptions of your attitudes toward mathematics 
as well as your perceptions of how you make sense of different mathematical concepts, 
specifically with the use of a spreadsheet-based learning environment, may add to the 
knowledge base in this area.  In addition, throughout the course of this study, you will have 
the opportunity to reflect on both past and current experiences and attitudes, and how those 
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experiences and attitudes may contribute to a personal sense-making of the mathematical 
concepts. 
 
An additional benefit of this study is that it may offer other university teachers the chance to 
better understand college students’ attitudes toward mathematics and how the use of 
spreadsheet technology enhances students’ sense makings and conceptual understandings of 
financial mathematics and linear, exponential, and quadratic modeling. 
 
Risks and Discomforts 
No deception is involved, and the study involves no more than minimal risk to participants 
(i.e., the level of risk encountered in daily life).  
 
Compensation 
In addition to your participation in this study potentially contributing to our understanding of 
this subject, students completing both online surveys will have the opportunity for their 
names to be entered into a drawing to win a $50 gift card from the Baldwin Wallace book 
store.   Those students participating in both interviews and attending all classroom 
observations will be compensated with a $20 gift card from the Baldwin Wallace book store 
and will still be eligible to win the $50 gift card for their participation in the two surveys.  
The drawing for the $50 gift card will be held during the last week of the semester; the 
winning student will be notified confidentially.   
 
Throughout the semester, the researcher will be available for extra help with both the course 
content and the use of the spreadsheet technology.  This extra help will be provided for all 
students and is not dependent on study participation.  The researcher will be available during 
your Math 136 classes as well as during her office hours.  The schedule of office hours are 
available on your BlackBoard site and are also posted outside her office door (MCS 116).    
       
Privacy and Confidentiality 
All responses are treated as confidential, and in no case will your individual responses be 
identified. The video files obtained from students participating in the interview and 
classroom observations will be kept in a locked file cabinet in the researcher’s office; your 
identity in the video files will be coded within the research so your real name is not used.  
Participation is strictly voluntary, refusal to take part in the study involves no penalty or loss 
of benefits to which you are otherwise entitled, and you may withdraw from the study at any 
time without penalty or loss of benefits to which they are otherwise entitled.   
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Voluntary Participation 
Taking part in this research study is entirely up to you.  You may choose not to participate or 
you may discontinue your participation at any time without penalty or loss of benefits to 
which you are otherwise entitled. You will be free to stop the survey or interviews and 
withdraw from the study at any time with no negative consequences. Further, you may be 
assured that your decision to participate or to not participate in this study will have no 
bearing whatsoever on your semester grade.  Your Math 136 instructor will not have access 
to any of the information obtained from the interviews, observations, and/or surveys. 
 
Contact Information 
If you have any questions or concerns about this research, you may contact the Principal 
Investigator/Project Advisor, Lisa Borgerding at ldonnell@kent.edu or 330-672-0614 or the 
Co-Investigator, Peggy Slavik at pslavik@bw.edu or 440-781-8989.  This project has been 
approved by the Kent State University Institutional Review Board, and the Baldwin Wallace 
Human Subjects Review Board.  If you have any questions about your rights as a research 
participant or complaints about the research, you may call the Kent State IRB at 330-672-
2704, or the Baldwin Wallace HSRB at 440-826-2047 at any time. 
 
If you are 18 years of age or older, understand the statements above, and freely consent to 
participate in the study, click on the “I Agree” button to begin the survey.  
   
I Agree
  
I Do Not Agree
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Appendix H 
Student Emails for Individual Interviews and Member Checking 
 
The following seven (7) emails were sent to those students selected for 
participation in the individual interviews and classroom observations. 
 
Email #1: The six students randomly selected to be part of the study’s purposeful sample 
were contacted at the beginning of the semester requesting their voluntary 
participation in the first interview.  
 
Dear (student),  
 
Thank you for completing the Attitudes Toward Mathematics survey for my research 
study!  You have been randomly selected to participate in the next phase of this study – 
the two individual interviews and the classroom observations (the observation dates are 
listed in the Student Informational Letter, a copy of which can be found under the 
“Research Study” tab on your Math 136 BlackBoard site).  As stated in the online 
consent form, participation in these interviews and observations is voluntary.  
 
The first interview will be an extension of some of the questions you were asked when 
you took the ATMI survey regarding both your attitudes toward math as well as some of 
your experiences with math and technology.  Should you decide that you would like to be 
part of the interview process, please select your first, second, and third choice for the date 
and time that is most convenient for you.  If you decide you would not like to be part of 
the interview and observations, kindly reply to this email and check the appropriate line 
at the bottom of the email below.  Please remember that  I look forward to hearing from 
you by this Friday, Sept. 6.   
 
Please select your choices for possible interview times (mark them as “1,” “2,” and “3” in 
the order you prefer).  I will email you back to verify the time.  If none of these times are 
convenient for you, or if you prefer to meet in the evening (I am available during the four 
evenings below), please email me so we can set up a possible additional time.  The 
interview will take approximately 45 minutes. 
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Mark the following as “1,” “2,” and “3” base on your availability and preferred time. 
 
Monday, Sept.9 Tuesday, Sept.10 Wednesday, Sept.11 Thursday, Sept.12 
10:30 AM _____ 9:00 AM _____ 10:30 AM _____ 9:00 AM _____ 
11:00 AM _____ 9:30 AM _____ 11:00 AM _____ 9:30 AM _____ 
11:30 AM _____ 10:00 AM _____ 11:30 AM _____ 10:00 AM _____ 
12:00 (noon) ____ 10:30 AM _____ 12:00 (noon) ____ 10:30 AM _____ 
2:00 PM _____ 11:00 AM _____ 2:00 PM _____ 11:00 AM _____ 
2:30 PM _____ 11:30 AM _____ 2:30 PM _____ 11:30 AM _____ 
3:00 PM _____ 12:00 (noon) ____ 3:00 PM _____ 12:00 (noon) ____ 
3:30 PM _____ 3:00 PM _____ 3:30 PM _____ 3:00 PM _____ 
4:00 PM _____ 3:30 PM _____ 4:00 PM _____ 3:30 PM _____ 
4:30 PM _____ 4:00 PM _____ 4:30 PM _____ 4:00 PM _____ 
5:00 PM _____ 4:30 PM _____ 5:00 PM _____ 4:30 PM _____ 
5:30 PM _____ 5:00 PM _____ 5:30 PM _____ 5:00 PM _____ 
6:00 PM _____ 5:30 PM _____ 6:00 PM _____ 5:30 PM _____ 
 6:00 PM _____  6:00 PM _____ 
   
___  I do not wish to be part of the interview/observation process.   
 
Thanks again for your help!  I hope to hear from you soon.   
 
Sincerely, 
Prof. Slavik 
 
 
Email #2: The following email was sent to confirm the agreed-upon interview date and 
time.   
 
Dear (student),    
 
Thank you for volunteering for the first interview!  Our interview is scheduled to take 
place in my office (MCS 116) on _date__ at _time_.  Please let me know if this time is no 
longer works with your schedule.  I can be reached via email or at 440-781-8989. 
I look forward to seeing you! 
 
Sincerely, 
Prof. Slavik 
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Email #3: The following email was sent two days before the scheduled individual 
interview date.   
 
Dear (student),    
 
This is just a quick reminder that our interview for the Math 136 research study is 
scheduled to take place in my office (MCS 116) on _date__ at _time_.  Please let me 
know if this time is no longer works with your schedule.  I can be reached via email or at 
440-781-8989. 
I look forward to seeing you! 
 
Sincerely, 
Prof. Slavik 
 
Email #4: The six students who participated in the first pre-instructional interview will 
be invited to participate in the final post-instructional interview.  This email was 
sent requesting their voluntary participation.  
 
Dear (student),    
 
Thank you for volunteering to be part of the interview process for my research study.  I 
really appreciate it!  The final interview will be conducted in a similar fashion to the first 
interview; however, you will also be working on a math problem during the interview 
similar to a problem you have worked on in class during the observations.  As stated in 
the online consent form, participation in this interview is voluntary.  
Should you decide that you would again like to be part of the interview process, please 
select your first, second, and third choice for the date and time that is most convenient for 
you.  If you decide you would not like to be part of the interview and observations, kindly 
reply to this email and check the appropriate line at the bottom of the email below.  I look 
forward to hearing from you by this Thursday, October 24.  
 
Please select your choices for possible interview times (mark them as “1,” “2,” and “3” in 
the order you prefer).  I will email you back to verify the time.  If none of these times are 
convenient for you, or if you prefer to meet in the evening, please email me so we can set 
up a possible additional time.  The interview will take approximately 45 minutes. 
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Mark the following as “1,” “2,” and “3” base on your availability and preferred time. 
 
Tues, Oct. 29 Wed, Oct. 30 Thurs, Oct. 31 Tues, Nov 5 Wed, Nov 6 Thurs, Nov 7 
9:00 AM ____ 10:30 AM ____ 9:00 AM ____ 9:00 AM ____ 10:30 AM ____ 9:00 AM ____ 
9:30 AM ____ 11:00 AM ____ 9:30 AM ____ 9:30 AM ____ 11:00 AM ____ 9:30 AM ____ 
10:00 AM ____ 11:30 AM ____ 10:00 AM ____ 10:00 AM ____ 11:30 AM ____ 10:00 AM ____ 
10:30 AM ____ 12:00 PM ____ 10:30 AM ____ 10:30 AM ____ 12:00 PM ____ 10:30 AM ____ 
11:00 AM ____ 2:00 PM ____ 11:00 AM ____ 11:00 AM ____ 2:00 PM ____ 11:00 AM ____ 
11:30 AM ____ 2:30 PM ____ 11:30 AM ____ 11:30 AM ____ 2:30 PM ____ 11:30 AM ____ 
12:00 PM ____ 3:00 PM ____ 12:00 PM ____ 12:00 PM ____ 3:00 PM ____ 12:00 PM ____ 
3:00 PM ____ 3:30 PM ____ 3:00 PM ____ 3:00 PM ____ 3:30 PM ____ 3:00 PM ____ 
3:30 PM ____ 4:00 PM ____ 3:30 PM ____ 3:30 PM ____ 4:00 PM ____ 3:30 PM ____ 
4:00 PM ____ 4:30 PM ____ 4:00 PM ____ 4:00 PM ____ 4:30 PM ____ 4:00 PM ____ 
4:30 PM ____ 5:00 PM ____ 4:30 PM ____ 4:30 PM ____ 5:00 PM ____ 4:30 PM ____ 
5:00 PM ____ 5:30 PM ____ 5:00 PM ____ 5:00 PM ____ 5:30 PM ____ 5:00 PM ____ 
5:30 PM ____ 6:00 PM ____ 5:30 PM ____ 5:30 PM ____ 6:00 PM ____ 5:30 PM ____ 
6:00 PM ____  6:00 PM ____ 6:00 PM ____  6:00 PM ____ 
   
___  I do not wish to be part of the interview/observation process.   
 
Thanks again for your help!  I hope to hear from you soon.   
 
Sincerely, 
Prof. Slavik 
 
Email #5: The following email was sent to confirm the agreed-upon interview date and 
time.   
 
Dear (student),    
 
Thank you for volunteering for the first interview!  Our interview is scheduled to take 
place in my office (MCS 116) on _date__ at _time_.  Please let me know if this time is no 
longer works with your schedule.  I can be reached via email or at 440-781-8989. 
I look forward to seeing you! 
 
Sincerely, 
Prof. Slavik 
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Email #6: The following email was sent two days before the scheduled individual 
interview date.   
 
Dear (student),    
 
This is just a quick reminder that our interview for the Math 136 research study is 
scheduled to take place in my office (MCS 116) on _date__ at _time_.  Please let me 
know if this time is no longer works with your schedule.  I can be reached via email or at 
440-781-8989. 
I look forward to seeing you! 
 
Sincerely, 
Prof. Slavik.   
 
 
Email #7: The following email was sent after the classroom observations as a form of 
member checking with the participant.   
 
Dear (student),    
 
I am inviting you to come to my office during any of my office hours to read through my 
initial analysis of the notes and transcripts from our first interview and from the 
classroom observations.  I am doing this so you can confirm that what I have written 
“rings true” with you.  If you do not have free time during my posted office hours, please 
email me or call me so we can set up a different time to meet.  In addition, if you have 
any questions or concerns either now or after this semester ends, please don’t hesitate to 
email or call anytime! 
Sincerely, 
Prof. Slavik.   
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Appendix I 
Post-Instruction Perceptions and Beliefs About Mathematics Survey 
(Post-PBMS) 
Thank you for your help with this online survey.  Please answer the following 
questions as completely as possible.  Your responses will be used strictly for item 
analysis for this study. 
 
1.) Enter your mother’s maiden name followed by the year of your birth (e.g., 
smith1993; this will be used for matching this survey with the one you took at the 
beginning of the semester.): 
 
2.) How would you describe yourself as a mathematics student?  (i.e., any struggles 
or challenges, comfort with subject matter, etc.)  How do you think this opinion 
has changed over the course of this semester? 
 
3.) What are some things that motivate you to learn mathematics?  What aspect of 
math do you like/find enjoyable?   
 
4.) In what ways has the mathematics you’ve learned this semester been useful to 
you?  Please give an example. 
 
 
5.) Describe your experience with using the spreadsheet this semester while 
completing class activities or homework.   
 
6.) In your opinion, what does it mean when someone says they “understand math”?  
 
7.) How would you complete the following sentence?  “One thing I believe about 
math is that __________________.”   
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Appendix J 
Student Video Consent Form 
Study Title: Students’ Attitudes Toward Mathematics in a Spreadsheet-Based Learning 
Environment  
 
Principal Investigator: Lisa Borgerding  Co-Investigator: Peggy Slavik 
  
I agree to participate in the video-recorded interviews and video-recorded classroom 
observations regarding my attitudes toward mathematics and my conceptual 
understanding of mathematical concepts within a spreadsheet-based learning environment 
as part of this project and for the purposes of data analysis.  I agree that Peggy Slavik 
may video record the interviews and classroom observations.  The date, time and place of 
the interviews will be mutually agreed upon; the observations will take place during 
scheduled class time.  
 
 
_______________________________________________________________________  
Signature        Date  
 
I have been told that I have the right to view the videos of all of the interviews and 
observations before they are used.  I have decided that I:  
 
____want to view the videos   ____do not want to view the videos  
 
Sign now on the second page if you do not want to view the videos.  If you want to view 
the videos, you will be asked to sign this form after viewing them.  
 
Peggy Slavik may / may not (circle one) use the video recordings made of me. The 
original recordings or copies may be used for:  
 
____this research project _____publication _____presentation at professional meetings  
 
 
________________________________________________________________________  
Signature        Date  
 
Address: 
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Appendix K 
Pre-Instruction Individual Interview Protocol 
The following six questions were asked on the initial online Pre-PBMS 
administered prior to the instruction period.  Students will be asked to elaborate on their 
answers if clarification is necessary.  Possible follow-up questions for this semi-
structured interview are included in brackets. 
 
1.) How would you describe yourself as a mathematics student?  (i.e., any struggles 
or challenges, comfort with the subject matter, etc.)    
 
2.) In your opinion, what does it mean when someone says they “understand math”?  
[Possible follow-up question: What types of activities would help you to better 
understand a mathematical concept?] 
 
3.) How would you complete the following sentence?  “One thing I believe about 
math is that __________________.”   
[Possible follow-up question:  What is the most vivid memory that stands out in 
your mind (positive or negative) as far as math is concerned.  This can be 
something in or out of school.] 
 
 
4.) What are some things that motivate you to learn mathematics?  What aspect of 
math do you like/find enjoyable? 
 
5.) In what ways has the mathematics you’ve previously learned been useful to you?   
 [Possible follow-up question: What purpose does taking mathematics in college 
have for you?] 
 
6.) What types of technology (if any) have you used in previous mathematics classes?  
Please be as specific as possible as to what you did with the technology.   
[Possible follow-up questions: Do you think the use of any type of technology in 
previous math classes helped or hindered your learning of the material?  Have 
you used technology in other non-math classes? How did its use affect your 
learning and understanding of the material?  Have you used spreadsheets for 
doing math before or seen anyone else using them?  In what way were the 
spreadsheets being used?]   
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Appendix L 
Observation Protocol 
 
Date of Observation: _____________________ 
Time Lesson Begins: _____________ Time Lesson Ends: ______________ 
Lesson Purpose/Objectives: _________________________________________________ 
__________________________________________________________________ 
 
Describe the main activities observed during the class period and the approximate amount 
of time spent on each activity.  Include all relevant actions and comments from students 
and teacher during the activity. 
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Time Activity 
Teacher Actions 
& Comments 
Student(s) Actions 
& Comments 
Observer 
Thoughts & 
Notes 
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Appendix M 
Post-Instruction Individual Interview Protocol 
1.) The following six questions were asked on the Post-Instruction online survey 
administered at the end of the six-week instruction period. Students will be asked 
to elaborate on their answers if clarification is necessary.  Possible follow-up 
questions for this semi-structured interview are included in brackets. 
 
a.) How would you describe yourself as a mathematics student?  (i.e., any 
struggles or challenges, comfort with subject matter, etc.)  How has this 
perception changed over the course of this semester?    
 
 
b.) What are some things that motivate you to learn mathematics?  What 
aspect of math do you like/find enjoyable?   
 
 
c.) In what ways has the mathematics you’ve learned this semester been 
useful to you?  Please give an example. 
 [Possible follow-up question: Do you see the need (or desire) to take 
additional college math classes?] 
 
d.) Describe your experience with using the spreadsheet this semester while 
completing class activities or homework.    
 [Possible follow-up questions: What math concepts did the spreadsheets 
help with the most?  For which type of activity (in class or for homework) 
did you find them most useful?  Did it make the work harder/easier?  How 
has the use of the spreadsheets changed (or perhaps not changed) your 
initial beliefs about mathematics?]     
 
e.) In your opinion, what does it mean when someone says they “understand 
math”?   
 [Possible follow-up questions: Have any of the activities we completed 
this semester helped you to better understand the math concepts (e.g., 
functions, financial math)?  Please explain.] 
 
f.) How would you complete the following sentence?  “One thing I believe 
about math is that __________________.”   
 [Possible follow-up questions:  How has this belief changed over the 
course of the semester?] 
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2.)  [Give student the application problem with access to both a graphing calculator 
and a laptop with Excel.  Ask student to explain how they will attempt to solve 
the problems; thought processes, etc.]  
a.) When you first see this problem, how do you think you will start solving 
it?   
 
b.) Do you think this same problem could have been completed easier without 
the use of a spreadsheet (i.e., paper/pencil, graphing calculator)?  
 
c.) Can you think of another situation (this can be either math-related or not) 
where using the spreadsheet would be useful?  How would you be able to 
use the spreadsheets for solving similar problems?   
 
d.) Can you think of a problem or an activity that would be good for using 
spreadsheets?  Can you think of any other times or for any other reasons 
you might be inclined to use a spreadsheet? 
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Appendix N 
Descriptive Statistics and Matched Pairs t-Test Results for Pre- and  
Post-Instruction Change Scores for Specific ATMI Items Protocol 
 
Mean 
Standard 
Deviation 
Mean 
Difference 
Matched 
Pairs 
t-value 
p-value 
Self-confidence Factor     
Pre Q9* 
Post Q9* 
 
3.28 
3.11 
1.50 
1.51 
-0.17 -1.291 0.205 
Pre Q10* 
Post Q10* 
 
3.50 
3.61 
1.36 
1.27 
0.11 0.572 0.571 
Pre Q11* 
Post Q11* 
 
3.50 
3.56 
1.32 
1.27 
0.06 0.320 0.751 
Pre Q12* 
Post Q12* 
3.56 
3.50 
1.40 
1.48 
-0.06 -0.320 0.751 
Pre Q13* 
Post Q13* 
 
3.56 
3.83 
1.32 
1.28 
0.28 1.327 0.193 
Pre Q14* 
Post Q14* 
 
3.22 
3.28 
1.53 
1.54 
0.06 0.529 0.600 
Pre Q15* 
Post Q15* 
 
3.61 
3.72 
1.32 
1.26 
0.11 0.549 0.586 
Pre Q16 
Post Q16 
 
3.06 
3.50 
1.37 
1.32 
0.44 3.452 0.001** 
Pre Q17 
Post Q17 
 
3.00 
3.11 
1.39 
1.26 
0.11 0.892 0.379 
Pre Q18 
Post Q18 
 
3.28 
3.56 
1.16 
1.13 
0.28 2.046 0.048** 
Pre Q19 
Post Q19 
3.44 
3.56 
1.27 
1.32 
0.11 0.751 0.458 
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 Mean 
Standard 
Deviation 
Mean 
Difference 
t-value p-value 
Self-confidence Factor     
Pre Q20* 
Post Q20* 
 
3.72 
3.67 
1.00 
1.07 
-0.06 -0.529 0.600 
Pre Q21* 
Post Q21* 
 
3.28 
3.44 
1.21 
1.36 
0.17 1.435 0.160 
Pre Q22 
Post Q22 
 
3.17 
3.44 
1.28 
1.18 
0.28 2.943 0.006** 
Pre Q40 
Post Q40 
 
3.17 
3.39 
1.36 
1.52 
0.22 1.673 0.103 
Value Factor      
Pre Q1 
Post Q1 
 
4.28 
4.28 
0.66 
0.66 
0.00 0.000 1.000 
Pre Q2 
Post Q2 
 
4.22 
3.89 
0.80 
0.89 
-0.33 -3.416 0.002** 
Pre Q4 
Post Q4 
 
4.11 
4.22 
0.82 
0.87 
0.11 1.160 0.254 
Pre Q5 
Post Q5 
 
3.94 
4.17 
0.92 
0.91 
0.22 2.092 0.044** 
Pre Q6 
Post Q6 
 
3.67 
3.39 
0.96 
1.40 
-0.28 -1.661 0.106 
Pre Q7 
Post Q7 
 
3.78 
3.94 
1.10 
0.92 
0.17 1.435 0.160 
Pre Q8 
Post Q8 
 
3.94 
4.00 
0.86 
0.83 
0.06 0.627 0.535 
Pre Q35 
Post Q35 
3.44 
3.11 
1.18 
1.17 
-0.33 -1.435 0.160 
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 Mean 
Standard 
Deviation 
Mean 
Difference 
t-value p-value 
Value Factor      
Pre Q36 
Post Q36 
 
3.83 
3.72 
1.08 
1.16 
-0.11 -1.000 0.324 
Pre Q39 
Post Q39 
 
3.89 
3.44 
1.17 
1.36 
-0.44 -2.169 0.037** 
Enjoyment Factor     
Pre Q3 
Post Q3 
 
3.61 
3.39 
1.48 
1.44 
-0.22 -1.848 0.073 
Pre Q24 
Post Q24 
 
3.06 
3.22 
1.53 
1.53 
0.17 1.030 0.310 
Pre Q25* 
Post Q25* 
 
3.39 
3.36 
1.27 
1.33 
-0.03 -0.197 0.845 
Pre Q26 
Post Q26 
 
3.33 
3.39 
1.43 
1.52 
0.06 0.320 0.751 
Pre Q27 
Post Q27 
 
3.67 
3.33 
1.72 
1.72 
-0.33 -1.972 0.057 
Pre Q29 
Post Q29 
 
3.17 
3.06 
1.48 
1.45 
-0.11 -1.160 0.254 
Pre Q30 
Post Q30 
 
2.44 
2.44 
1.40 
1.23 
0.00 0.000 1.000 
Pre Q31 
Post Q31 
 
3.17 
3.22 
1.48 
1.38 
0.06 0.422 0.676 
Pre Q37 
Post Q37 
3.50 
3.56 
1.23 
1.32 
0.06 0.422 0.676 
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 Mean 
Standard 
Deviation 
Mean 
Difference 
t-value p-value 
Enjoyment Factor     
Pre Q38 
Post Q38 
 
3.44 
3.67 
1.40 
1.22 
0.22 1.673 0.103 
Motivation Factor     
Pre Q23 
Post Q23 
 
3.22 
3.22 
1.46 
1.38 
0.00 0.000 1.000 
Pre Q28* 
Post Q28* 
 
3.28 
3.17 
1.58 
1.44 
-0.11 -0.751 0.458 
Pre Q32 
Post Q32 
 
2.83 
2.61 
1.40 
1.48 
-0.22 -2.092 0.044** 
Pre Q33 
Post Q33 
 
2.56 
2.39 
1.40 
1.27 
-0.17 -0.973 0.337 
Pre Q34 
Post Q34 
3.00 
3.06 
1.51 
1.49 
0.06 0.627 0.535 
Note. © Martha Tapia, 1996. ATMI used with permission of author.  Scores range from 1 
to 5, with 1 indicating the most negative attitude and 5 indicating the most positive 
attitude. 
Scoring for items uses anchors of 1: strongly disagree, 2: disagree, 3: neutral, 4: agree, 
and 5: strongly agree. 
* Scoring for these items is reversed and uses anchors of 1: strongly agree, 2: agree, 3: 
neutral, 4: disagree, and 5: strongly disagree.  
** significant at p < .05 
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Appendix O 
Percentage Per Response for Pre- and Post-ATMI Survey 
 
 Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
Self-confidence Factor     
Pre Q9* 
Post Q9* 
 
33.3 
27.8 
5.6 
11.1 
38.9 
27.8 
0.0 
11.1 
22.2 
22.2 
Pre Q10* 
Post Q10* 
 
27.8 
27.8 
33.3 
33.3 
11.1 
22.2 
16.7 
5.6 
11.1 
11.1 
Pre Q11* 
Post Q11* 
 
27.8 
27.8 
27.8 
33.3 
22.2 
11.1 
11.1 
22.2 
11.1 
5.6 
Pre Q12* 
Post Q12* 
 
33.3 
33.3 
27.8 
27.8 
11.1 
11.1 
16.7 
11.1 
11.1 
16.7 
Pre Q13* 
Post Q13* 
 
27.8 
33.3 
33.3 
44.4 
16.7 
5.6 
11.1 
5.6 
11.1 
11.1 
Pre Q14* 
Post Q14* 
 
33.3 
33.3 
11.1 
16.7 
16.7 
11.1 
22.2 
22.2 
16.7 
16.7 
Pre Q15* 
Post Q15* 
 
33.3 
33.3 
27.8 
33.3 
11.1 
11.1 
22.2 
16.7 
5.6 
5.6 
Pre Q16 
Post Q16 
 
16.7 
11.1 
22.2 
11.1 
16.7 
22.2 
27.8 
27.8 
16.7 
27.8 
Pre Q17 
Post Q17 
 
22.2 
11.1 
16.7 
22.2 
11.1 
27.8 
38.9 
22.2 
11.1 
16.7 
Pre Q18 
Post Q18 
5.6 
5.6 
27.8 
16.7 
11.1 
11.1 
44.4 
50.0 
11.1 
16.7 
 
Pre Q19 
Post Q19 
5.6 
11.1 
22.2 
11.1 
22.2 
16.7 
22.2 
33.3 
27.8 
27.8 
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 Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
Self-confidence Factor     
Pre Q20* 
Post Q20* 
 
22.2 
22.2 
38.9 
38.9 
33.3 
27.8 
0.0 
5.6 
5.6 
5.6 
Pre Q21* 
Post Q21* 
 
16.7 
33.3 
33.3 
16.7 
16.7 
16.7 
27.8 
27.8 
5.6 
5.6 
Pre Q22 
Post Q22 
 
11.1 
0.0 
22.2 
27.8 
22.2 
27.8 
27.8 
16.7 
16.7 
27.8 
Pre Q40 
Post Q40 
16.7 
16.7 
16.7 
16.7 
16.7 
11.1 
33.3 
22.2 
16.7 
33.3 
Value Factor      
Pre Q1 
Post Q1 
 
0.0 
0.0 
0.0 
0.0 
11.1 
11.1 
50.0 
50.0 
38.9 
38.9 
Pre Q2 
Post Q2 
 
0.0 
0.0 
0.0 
5.6 
22.2 
27.8 
33.3 
38.9 
44.4 
27.8 
Pre Q4 
Post Q4 
 
0.0 
0.0 
5.6 
5.6 
11.1 
11.1 
50.0 
38.9 
33.3 
44.4 
Pre Q5 
Post Q5 
 
0.0 
0.0 
11.1 
11.1 
11.1 
0.0 
50.0 
50.0 
27.8 
38.9 
Pre Q6 
Post Q6 
 
0.0 
16.7 
11.1 
5.6 
33.3 
27.8 
33.3 
22.2 
22.2 
27.8 
Pre Q7 
Post Q7 
 
0.0 
0.0 
22.2 
11.1 
5.6 
11.1 
44.4 
50.0 
27.8 
27.8 
Pre Q8 
Post Q8 
 
0.0 
0.0 
11.1 
5.6 
5.6 
16.7 
61.1 
50.0 
22.2 
27.8 
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 Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
Value Factor      
Pre Q35 
Post Q35 
 
11.1 
11.1 
11.1 
22.2 
11.1 
16.7 
55.6 
44.4 
11.1 
5.6 
Pre Q36 
Post Q36 
 
0.0 
5.6 
16.7 
11.1 
16.7 
16.7 
33.3 
38.9 
33.3 
27.8 
Pre Q39 
Post Q39 
 
0.0 
11.1 
22.2 
16.7 
5.6 
16.7 
33.3 
27.8 
38.9 
27.8 
Enjoyment Factor     
Pre Q3 
Post Q3 
 
11.1 
16.7 
16.7 
5.6 
16.7 
33.3 
11.1 
11.1 
44.4 
33.3 
 
Pre Q24 
Post Q24 
 
22.2 
22.2 
16.7 
11.1 
22.2 
16.7 
11.1 
22.2 
27.8 
27.8 
Pre Q25* 
Post Q25* 
 
22.2 
27.8 
33.3 
16.7 
11.1 
33.3 
27.8 
11.1 
5.6 
11.1 
Pre Q26 
Post Q26 
 
16.7 
16.7 
11.1 
16.7 
22.2 
11.1 
22.2 
22.2 
27.8 
33.3 
Pre Q27 
Post Q27 
 
27.8 
27.8 
0.0 
11.1 
0.0 
0.0 
22.2 
22.2 
50.0 
38.9 
Pre Q29 
Post Q29 
 
22.2 
16.7 
5.6 
27.8 
33.3 
11.1 
11.1 
22.2 
27.8 
22.2 
Pre Q30 
Post Q30 
27.8 
22.2 
38.9 
38.9 
11.1 
22.2 
5.6 
5.6 
16.7 
11.1 
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 Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
Enjoyment Factor     
Pre Q31 
Post Q31 
 
22.2 
16.7 
11.1 
16.7 
16.7 
11.1 
27.8 
38.9 
22.2 
16.7 
Pre Q37 
Post Q37 
 
5.6 
11.1 
16.7 
11.1 
27.8 
16.7 
22.2 
33.3 
27.8 
27.8 
Pre Q38 
Post Q38 
 
16.7 
11.1 
5.6 
5.6 
22.2 
11.1 
27.8 
50.0 
27.8 
22.2 
Motivation Factor     
Pre Q23 
Post Q23 
 
22.2 
11.1 
5.6 
22.2 
22.2 
27.8 
27.8 
11.1 
22.2 
27.8 
Pre Q28* 
Post Q28* 
 
33.3 
27.8 
16.7 
11.1 
16.7 
27.8 
11.1 
16.7 
22.2 
16.7 
Pre Q32 
Post Q32 
 
22.2 
33.3 
27.8 
16.7 
5.6 
22.2 
33.3 
11.1 
11.1 
16.7 
Pre Q33 
Post Q33 
 
27.8 
33.3 
27.8 
22.2 
22.2 
22.2 
5.6 
16.7 
16.7 
5.6 
Pre Q34 
Post Q34 
22.2 
22.2 
22.2 
16.7 
11.1 
16.7 
22.2 
22.2 
22.2 
22.2 
Note. © Martha Tapia, 1996. ATMI used with permission of author.   
* Scoring for these items is reversed. 
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